1742 


ow 
2 

a 
a 

z 


CORNWALL MINE 


The picture below shows a Wilfley 
installation in a modern Coal 
Washing Plant in Pennsylvania. 


Sug WILFLEY for 


In coal washing operations Wilfley Sand Pumps 
always turn in a notably efficient and economical 
performance. These rugged, dependable pumps deliver 
continuous, trouble-free performance on a 
‘round-the-clock schedule—make measurable savings 
in operating and maintenance costs. Individual 
engineeriiag on every application. Write or wire 

for complete details. 


A. R. WILFLEY & SONS, Inc. 
DENVER, COLORADO, U.S.A. 
NEW YORK OFFICE: 1775 BROADWAY, NEW YORK CITY 


Companion to the 
famous Wilfley 
Acid Pumps 
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Journal of Petroleum Technology 


Published monthly by the American Institute of 
Miring and Metallurgical Engineers, Inc, 29 West 
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COVER 


Candle and electric hat lamp are reminiscent of contrast at Cornwall Banks, where 
modern mining methods prove their value against historical setting dating back to 
Colonial America. More about the modern era starting on page 670. 
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ARTICLES 
Cornwall Keeps !ts Methods Up-to-Date 


Cleveland-Cliffs Conveyor System Uses Twisted Belt 


D. Kelly Campbell, HH. Korpinen, and H. ( 


Financing Domestic Mining Ventures—Part |! Sources of 
Capital Funds C C. Bailey, L. C. Raymond, and W. F. Boericke 


Coal Burning Boiler Plants Can Be Economical for Small Mines 
D M Given and C. A. Marshall 


Lift Speeds Timber Handling 
Hardening for Increased Bit Life 


TRANSACTIONS 
Crushing Plant Dust Control at the Ray Mines Division, 
Kennecott Copper Corp. John F. Knudsen 
Cleaning Various Coals in a Drum-Type Dense-Medium Pilot Plant 
M R. Geer, W. A. Olds, and H. F. Yanee y 
An Analysis of Mine Opening Failure oy eam of Models 
3ernard York and John J. Re 


The Production of Sodium from Neturel 
at Monahans, Texas W 1. Weisman ond Ress ¢ 


Quantitative Bubble Pick-Up Methods . C. Sun and R. C. Troxel 


The Blending of Western Coals for the Production of 
Metallurgical Coke 


John D. Price 
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wing employment items are made 
v bie t AIME members moa nor 
fit D by the Engineering S eties Per 
lr perating if operatior 
the Four Founder S eties. Local offices 
f the Personnel Service are at 8 W. 40th St., 
New York 18; !00 Farnsworth Ave, Detroit; 
Post St, Sen Francisco; 84 E Randolph St, 
Chicago |. Aj nts should address all mail 
to the proper key numbers ir yre of the New 
ide ¢ n stamps tor for 
ng and returning applicatior The af 
prec ed position by 
f Service to pay the placement 
+ service. AIME members may 


ekly | etin of positions wailable 


MEN AVAILABLE 


Management Executive, 36, mar- 
ried. Non-metallics industry, broad 
experience in personnel relations, 
quality production, costs, safety, 
quarrying and _ processing; some 
underground mining and metallics 
experience. Prefers western U.S.A. 
Available July first. M-30-523-E-1- 
San Francisco. 


Mining Engineer, employed, 35, 
married. Sixteen years background 
technical training and practical ex- 
perience in exploration, examina- 
tion, planning, development and op- 
eration in mechanized coal mining; 
some experience with ore mining 
and two years executive business 
training to offer a reliable company 
needing a person with top manage- 
rial training. Will consider produc- 
tion or sales anywhere. M-31. 


POSITIONS OPEN 


Geologist, young, for laboratory 
and field work for mining company. 
Salary, $4200-$4800 a year. House 
furnished; three year contract. Ex- 
cellent climatic conditions. Loca- 
tion, Cyprus, Y8739(c). 


Resident Engineer, graduate, with 
several years experience in coal 
mining, including underground sur- 
veying and mapping, and develop- 
ment planning, for large western 
U.S. coal mine. Y8646. 


CHIEF ENGINEER. A mature engineer 
with administrative ability and a broad 
practical background of experence in 
construction, plant design, mechanics 
and cost estimation, te assume charge 
of Engineering Gepartment. Experience 
in flotation and non-metallic minerals 
beneficiation is desirable. The scope of 
the work covers producing mines and 
plants in the western and southern 
states 
Please address replies to 


PERSONNEL MANAGER 
BAROID SALES DIVISION 
NATIONAL LEAD COMPANY 
BOX 1675 
HOUSTON, TEXAS 


Mining Engineer with experience 
in exploration and development for 
mining of hard rock. Must have ex- 
perience in underground surveying. 
Give experience, age, and salary re- 
quirements. Location, eastern United 
States. Y8462. 


Mining Engineer, young, graduate, 
with some experience in surveying 
and mapping. Should be able to as- 
sume responsibility and get along 
well with associates. Duties will in- 
clude mine and surface surveying 
and mapping, calculating, and per- 
forming other related engineering 
work. Salary to start, $4200 a year 
with opportunities of advancement 
and salary increase. Location, South. 
Y8371. 


Sales Engineers, with mining or 
construction background, to handle 
sales of mechanical underground and 
surface loaders. For underground 
equipment should have knowledge of 
underground mining conditions; and 
for surface loaders, should be famil- 
iar with heavy construction work 
and open-pit mining. Salary open. 
Location, New York, N. Y. Y8342(b). 


Technical Sales Engineer for ex- 
port department, to assist in tech- 
nical sales, be familiar with overseas 
operation and able to handle French 
and German. Should have mining 
engineering background and be fa- 
miliar with heavy underground and 
construction machinery. Salary open. 
Location, New York, N. Y. Y8342(d). 


Engineers. (a) Mill Superintendent 
experienced in wet gravity concen- 
tration and with some knowledge 
of roasting of concentrates. Single 
status for six months. Must speak 
Spanish. Salary about $7800 a year. 
(b) Assistant Mine Superintendent 
with Latin American background, 
preferably mining experience in 
vein mines in Mexico, Chile or other 
South American countries. Single 
status; graduate not necessary. 
Should be competent in mine opera- 
tion and production. Salary $6000 a 
year. (c) Mining Engineer with 
some knowledge of Spanish. Capable 
of doing necessary surveying under- 
ground and on the surface. Will 
have to bring maps up to date and 
keep them posted; do sampling 
where required and map principal 
features of underground geology. 
Ability to do correct mapping and 
neat drafting essential. Single status. 
Salary, $6000 a year. Location, Bo- 
livia, S. A. F8587. 


MINING ENGINEER 
9 years’ experience on production and 
production engineering, medium to 
large tonnage underground operations 
Position with producing mine, U. S. or 
toreign, desired. 

Box F-12 AIME 
29 W. 39th St., New York 17, N. Y. 


Junior Mining Engineer, recent 
graduate or one years experience, for 
survey and flotation in ores and gen- 
eral engineering. Any special courses 
in ore dressing desirable. Salary, 
$4200 a year. Location, North Caro- 
lina. Y8544. 


Geologist with experience on gold 
and silver, to estimate potentiality 
of such a property in Mexico. Prefer 
resident of Mexico. Headquarters, 
New York, N. Y. Y8551. 


Mining Engineer to superintend 
pegmatite mining operations. Should 
have five to ten years operating ex- 
perience, at least half of it in open 
cut mining. Experience in feldspar, 
mica or other forms of pegmatite 
mining particularly desirable. Salary 
open. Location, New England. Y8561. 


Engineers. (a) General Superin- 
tendent, under 50, with underground 
iron ore mining experience. Salary, 
$10,000 to $12,000 a year. (b) Mine 
Foreman, young, to take charge of 
shift operations. Location, eastern 
United States. Y8260. 


Assayer with nonferrous, second- 
ary smelting experience. Salary, 
$4160 to $5200 a year. Location, 
northern New Jersey. Y8261. 


Mining Engineer, E.M., must have 
had four or more years experience 
in quarrying hard rock, crushing and 
servicing, and possibly some under- 
ground experience. Knowledge of 
Zeology. Will be in charge of gen- 
eral engineering having to do with 
quarrying, crushing, and screening 
of rock and rock products. Company 
manufactures building materials. 
Salary up to $500 per month. Com- 
pany will negotiate fee. Location, 
Chicago, Ill. R9630(b). 


Engineer, young, with mining or 
cement mill experience, to sell ma- 
chinery for export. Salary, $4500 to 
$5000 a year. Location, New York, 
N. Y. Y8755. 


Geologists experienced in under- 
ground water resources. One _ for 
twelve months work in Turkey; the 
other for over fifteen months work 
in Southwest Africa. Salaries open. 
Y8122. 


ASSISTANT MANAGER. American 
citizen, diplomatic, tactful, 42-48 years, 
for large going foreign copper opera- 
tion in healthy, temperate, low alti- 
tude area Must have had good under- 
ground mining experience and be a 
thoroughly competent mining engi- 
neer, Some open-cut experience is de- 
sirable Initial activities concerned 
with extraction of ore partly mined 
deposit which may be changed to 
open-cut and with development of 
another deposit for underground min- 
ing Salary open. 3-year contract. 


Submit complete record, references. 
Photograph optional. 
BOX E-8 MINING ENGINEERING 
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TRADEMARK REG: 


i want a ball that will give YOU the high- 
production f te with the lowest cost per ton © 
d... fewer chargings, “down time.” 

sheffield moly-CoP ement — because 
Sheffield’s rolled manv- 
facturing methods produce o a e uniform 
structure. great 

retain their 


sion. Moly-COP 


E po 
TION, MIDDLE 


ORY. ee 

gained structure 
extends deep into the core of 
Moly-Cop Ball to give long, 
even wear. 


— 


Used and 
proved a 

= are ready to prove the 
a — advantages of 
i op Grinding Balls i 

r operation. Get in ch 
with us now. shies: 


‘SHEFFIELD 


CORPORATION 


HOUS 
TON KANSAS CITY 


TULSA 
CO | 
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longer than alloy cast steel balls; up t° 50% longer than best ' 
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than cast white iron balls. Considering initial costs and length ’ 
of service, the net savings that resuli from the vse of Moly-COP i . 
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MAXIMUM RECOVERY 


Hercules Yarmor* F Pine Oil has been a standard of 
quality among flotation frothers for over thirty years. It 
is still unequalled for its economy, for its strength and 
volume of froth, texture, and cell-life stability. 

This low-cost flotation agent is an excellent frother for 
sulfide minerals such as the zinc, copper, nickel, iron, and 
lead sulfides. It is widely used in the flotation of gold ores 
and native metals. Yarmor F is also an excellent frother 
for use in the beneficiation of nonsulfide ores such as coal, 
mica, quartz, graphite, feldspar, phosphate rock, and talc. 

For technical information on Yarmor F and other 
Hercules flotation aids, send for 16-page booklet, ‘‘Flota- 
tion and Hercules Flotation Agents.” 


Naval Stores Department 
HERCULES POWDER COMPANY 


955 King Street, Wilmington 99, Delaware 
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_ EVERY SINK FLOAT plant on the 
iron range uses Low-Head vibrating 
screens. Operators depend on these Allis-Chalmers 
screens for high media recovery, low maintenance, 
years of profitable service. 


And now, as the taconite program develops, the proven 
performance of Low-Head screens is of increasing importance 

in the processing of low grade iron ore. 
In the processing of other ores, too, mining men look to Allis- 
Chalmers for vibrating screens, scalping screens, jaw and gyratory 

crushers, grinding mills. 

Allis-Chalmers builds a broad range of equipment for mining, backed by 
unsurpassed experience and engineering. It will pay you to call the Allis- 
Chalmers representative in your area, or write Allis-Chalmers, Milwaukee 1, 
Wisconsin, concerning your problems. A-4073 


low-Heod is on Allis-Cholmers trodemork, 


ALLIS-CHALMERS 


9 the World. Hommermills Vibrating Screens Jaw Crushers Gyratory Crushers Grinding Mills Kilns, Coolers, Dryers 
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EXCLUSIVE FEATURES 
MAKE EIMCOS 
Ist Choice to Cut Loading Costs 


Eimco has always been first to provide low cost | 

economical loading equipment. Among the fea- 

tures that make Eimco first choice with all users be 


of these machines are: 


Ist to use simplified construction. Eimco uses 
from 40% to 60% fewer parts in construction. 


Ist to use alloy steel castings throughout. 
Eimco is the only loader with main castings 
made of alloy cast steel. 


Ist to build in safety features. Eimco’s design 
incorporated 15 or more protective features 
for benefit of the operator. 


Ist to provide a coupler for your car. In spite 
of the fact that couplers are an essential factor 
in loading speed, Eimco is the only manufac- 
turer who designs and builds a special coupler 
to fit each customers car. 


Ist to provide full loading of your car. Eimco, 
through selective assembly, is the only manu- 
facturer that can tell you you'll get your car 
loaded full all the way back and mean it. 


Ist to provide buckets engineered to your 
muck and car. It takes a special bucket to 
do a special job. 


Ist to supply a machine that tunnel contrac- 
tors could use to help them establish world 
tunneling records. 


And Ist on many other important features 
that make and keep Eimcos the leading rock 


THE EIMCO CORPORATION 
EXECUTIVE OFFICES AND FACTORIES — SALT LAKE CITY 10 UTAH U S$ & 


BRANCH SALES AND SERVICE OFFICES. 
NEW YORK $152 STREET «© CHICAGO 3319 SOUTH WALLACE STREET 
BIRMINGHAM ALA 3140 FAYETTE AVE © DULUTH MINN 216 € SUPERIOR ST 
PASO TEXAS MILLS BUKOING BERKELEY. CALIF 637 CEDAR STREET 
KELOGG 07 $1 © LONDON W ENGLAND 190 PICCADILLY 
IN FRANCE SOCIETE EIMCO PARIS FRANCE aan 
IN ENGLAND EIMCO (GREAT BRITAIN) LTD LEEDS 12 ENGLAND 
SPA MILAN ITALY 


‘ 
M4 
iF 
“ 
loader. 


Loading rock in Eastern quarry. 


Tough loading jobs that incorporate 
loading of sand, rock, frozen ground, nar- 
row passage ways, long hauls to discharge 
or any combination of disagreeable and 
hard to manage operations are easy for 
an Eimco. 

These heavy-duty machines are at home 
in a rock pile — they'll load big or small 
trucks and operate in a space where no 
tractor can turn around. 

Write for information on Eimcos, how 
they can load for you at unusually low 
cost and at a rate of 250 to 350 tons per 
hour. 


Ads 
THE EIMCO CORPORATION 


The World s Lorgest Manufacturers of Underground Rock Loading Machines =| 
EXECUTIVE OFFICES AND FACTORIES SALT LAKE CITY 10 


BRANCH SALES AND SERVICE OFFICES: 
NEW YORK 51.52 STREET © CHICAGO 3319 SOUTH WALLACE STREET 
BIRMINGHAM ALA 3 FAYETTE AVE MINN 216 € SUPERIOR ST 


PASO TEXAS MILLS BULDING. EY CALIF 637 CEDAR STREET 
KELLOGG. IDAHO. 307 ST LONDON W 1 ENGLAND 190 PICCADNLY” 
(GREAT BRITAIN) (TO LEEDS 12 ENGLAND 

IN ITALY EIMCO ITAUA SPA MILAN ITALY 


‘ 
Loading sand on construction job. 
| 
j by 3 
~ 
_ Construction job in frozen ground. 


JOHN T. REED 


John T. Reed (P. 705) has been with 
University of California for more 
than a year as a lecturer and research 
engineer. Prior to that he spent six 
years with Braden Copper Co. in 
Chile as a shift boss, level foreman, 
assistant mine foreman, and field hy- 
draulic engineer in the electrical de- 
partment. Mr. Reed received his 
Bachelor of Science in Mining in 1944 
from the University of California 
and later earned a Master of Science 
in Mining. 

John F. Knudsen (P. 689) received a 
Bachelor of Arts in Education and 
Physical Sciences from Arizona State 
College and did graduate work at the 
University of Wyoming and the Uni- 
versity of Southern California. At 
school he was a member of Pi Delta 
Sigma, Lambda Delta Lambda, Blue 
Key, and graduated with Honorable 
Distinction. He currently is with the 
Industrial Hygiene Department, Ken- 
necott Copper Corp., Garfield, Utah. 
Mr. Knudsen taught physical sciences 
in a high school before going into 
the mining field. 


William A. Olds (P. 696), of Titanium 
Metals Corp. of America, Henderson, 
Nev., worked his way through the 
University of Washington as a bus 
boy, laboratory assistant, and re- 
search assistant on an Army project. 
He still found time to play chess, 
bridge, and take part in church activ- 
ities. Soon after graduation he joined 
the U. S. Bureau of Mines; his major 
duties were in connection with de- 
sign and investigation of a heavy 
media pilot plant. Mr. Olds is an 
active member of the American 
Legion and various church groups. 
In addition he follows the baseball 
and football world with interest, and 
is a photographer and chess player. 


WILLIAM A. OLDS 
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Ross C. Anderson (P. 711) was born 
in Miami, Oklahoma and attended 
the University of Kansas. Before go- 
ing to work for Ozark-Mahoning Co., 
he was employed for seven months 
as an architectural draftsman in 
Kansas City, Mo. Mr. Anderson now 
lives in Tulsa, Okla. Golf, tennis, and 
swimming compete with gardening 
for his spare time, but he says his 
favorite is the last named hobby. 


W. F. Boericke (P. 679) is currently 
with Hayden Stone & Co., New York 
City, and is a resident of Long Island. 
He was employed by New Jersey 
Zine Co. for 11 years; was assistant 
to H. Foster Bain, Institute Secretary, 
from 1925 to 1931; chief valuation 
engineer for four years with the Se- 
curities Exchange Commission; and 
chief evaluation engineer with the 
Bureau of Mines, seven years. Mr. 
Boericke has authored many Trans- 
actions, in addition to articles which 
appeared in several leading maga- 
zines. His main relaxation is bridge. 


L. C. Raymond (P. 679) has been en- 
gaged in mine examination and eval- 
uation for Ford, Bacon, & Davis 
Inc., of New York City. He is their 
senior mining engineer. He has been 
associated with several new domestic 
mining projects as well as several 
large foreign developments in South 
America, the West Indies, and Can- 
ada. Eight years of his early pro- 
fessional career were spent in ex- 
ploration and examination work 
through the western states and in 
Canada and in mine operation with 
the Mountain Copper Co., Ltd., as 
junior engineer, geologist, and as- 
sistant superintendent. Mr. Raymond 
also served four years with the U. S. 
Tariff Commission as mineral spe- 
cialist preparing economic studies 
for Congress dealing with foreign 
controls and trade restrictions. A 
graduate of Oregon State School of 
Mines and MIT, Mr. Raymond says 
he likes to paint, handle explorer 
scouts, and fish when time allows. 
His three children are his main 
interest. 


William I. Weisman (P. 711) is a 
member of the American Chemical 
Society, Engineers Club of Tulsa, and 
vice-chairman, Resources Div., Re- 
search Department, Tulsa Chamber 
of Commerce. It seems that his vari- 
ous activities and his position with 
Ozark-Mahoning Co. leave little free 
time. Mr. Weisman has been with 
Ozark-Mahoning since 1948. Pre- 
viously, he was employed by the War 
Assets Administration, from 1946 to 
1948. Mr. Weisman was a Navy ord- 
nance officer during World War II, 
and is a graduate of the University 
of Minnesota. 


Meet The Authors 


BERNARD YORK 


Bernard York (P. 705) calls his 
scores at his favorite hobbies—trout 
fishing, bird hunting, and prospect- 
ing, just fair. Mr. York is currently 
an associate professor of mining, Div. 
of Mineral Technology, University of 
California. He gained experience in 
mining activities from 1932 to 1940 
while employed in Nevada and Cali- 
fornia. In 1940 he joined the faculty 
of the University of California. He 
holds a Bachelor of Science in Mining 
and an Engineer of Mines degree, 
from the University of Nevada. 


H. F. Yancey (P. 696) earned his 
Ph.D. after attending the University 
of Missouri and the University of 
Illinois. Mr. Yancey headed the Solid 
Fuels Mission to Germany for the 
Joint Chiefs of Staff and served with 
General Headquarters of SCAP in 
Japan in 1950. He won the Percy 
Nicholls Award of the AIME Coal 
Div. in 1952. When not busy at his job 
with the U. S. Bureau of Mines in 
Seattle, he tries his hand at steelhead 
fishing in Washington and rainbow 
trout angling in British Columbia. 


Max R. Geer (P. 696) is chief, Coal 
Branch, Region II, U. S. Bureau of 
Mines, Seattle, Wash. A native of 
Ohio, he attended Ohio State Univer- 
sity and the University of Washing- 
ton, earning a Bachelor of Mining 
Engineering, Master of Science, and 
Master of Engineering. Mr. Geer has 
been with the Bureau of Mines since 
1935. He is currently involved in coal 
preparation research. Ten of the 27 
papers he has written on coal prep- 
aration have been published by the 
AIME. Woodworking, fishing and 
skiing are his spare-time interests. 


MAX R. GEER 


— 
? 
4 
4 
} 
- a 


@ The hard, ductile, 

name from “kupfer-nickel”, mé 

it by superstitious medieval SaxGm miners. These miners, in uncov- 

ering what appeared to be a fresh [&de of silver ore, thought the devil 

of the earth, “Old Nick”, had cast a spell over their ore since it could 

not be hammered into useful articles . . “amdét was several hundreds of 

years later that Cronstedt’s discovery led to the actilal recognition of nickel. 
Among the thousands of ways in which nickel now serves man is 

in the construction of a modern battleship—where this versatile 


corrosion-resistant metal is used in armor plate, gun tubeS,and scores: 


of other ordnance, navigational and communications mate 
From the opening of the first Sudbury mine in 1886, the hi! 


nickel is largely that of International Nickel Company, who today 


produce fully 75% of the world’s total nickel output. Playing @@ 
important role in International Nickel Company's production ar€ 
twenty SYMONS Cone Crushers ... which are recognized 
throughout the world for their ability to efficiently produce a great 
quantity of finely crushed product at low cost. 

Thus, through the 20 SYMONS Cone Crushers at “Inco” mines 
passes the majority of nickel used today ... one more example of a job 
well done by SYMONS Cones. 


NORDBERG MFG. CO., Milwaukee, Wisconsin via 


NORDBE RY, 


MACHINE) 


MACHINERY FOR PROCESSING ORES and INDUSTRIAL MINERALS 
NEW YORK SAN FRANCISCO DULUTH WASHINGTON TORONTO 
MEXICO, D.F. LONDON © PARIS JOHANNESBURG 


@ SYMONS Cone Crushers .. . the ma- 
chines that revolutionized crushing practice 
Short 


ends from 22 inches to 7 feet in diameter 


‘ eden gepacities from 6 to 900 tons per hour. 


A NORDBERG TRADEMARK 
N THROUGHOUT THE WORLD 


Grinding Mills Mine Hoists 


SYMONS 
Vibrating Ber 
Grizzlies end Screens 
Diesel Engines 
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Fine Crushing 
MARCY OPEN END LOW 
PULP LINE GRINDING 
IMPROVES FEED FOR 
SECONDARY BALL MILLS 


The Marcy principle of low pulp line, fast discharge of mill 


content results in lower overall costs than when dry crushing is 
used...the discharge is more uniform, a higher percentage 
of discharge is finished product. Thus the load is lightened or 


capacity increased, on the final stage of grinding. 


7'x 12’ Marcys Chosen for Fine Crushing. 


A large copper-lead-zinc producer recently ordered 7—7'x12' 
Marcy Open End Rod Mills for crushing a 1” feed to a 10 mesh 
ball mill feed. 


Other MASSCO products: Massco- The 

Fahrenwald Flotation Machines, 
Genuine Wilfley Tables, Massco- 

McCarthy Hot Millers, Rock Bit Grind- in 

ers, Density Controllers, Belt Feed- Supply Co. 
ers, Rubber Pinch Valves, Assay and 
Laboratory Supplies and Equipment, 
Complete Milling Plants. BOX 5270, TERMINAL ANNEX, DENVER, COLO., U.S.A. 


OFFICES IN SALT LAKE CITY, EL PASO, 1775 BROADWAY, N. Y. C. 


REPRESENTATIVES: CANADIAN VICKERS, LTD., MONTREAL, CAN.; W. R. JUDSON, SANTIAGO, CHILE; THE EDWARD J. NELL CO., MANILA, P.I; 
THE AUSTRAL OTIS ENG. CO., LTD., SO. MELBOURNE, AUSTR.; MORGARDSHAMMARS MEK. VERKSTADS AKTIEBOLAG, MORGARDSHAMMAR, SWEDEN; 
THE ORE & CHEMICAL CORPORATION, 80 BROAD STREET, NEW YORK CITY 4, NEW YORK, REPRESENTATIVES FOR CONTINENTAL EUROPE. 
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ORDER YOUR BOOKS THROUGH 
AIME—Address Irene K. Sharp, Book 
Department. Ten per cent discount 
given whenever possible. Order Gov- 
ernment publications direct from the 
agency concerned. 


Non-Ferrous Ore Dressing in the 
U. S. A. Report of the Technical 
Assistance Mission No. 54. Columbia 
University Press. $2.50, 209 pp.— 
This is a report prepared by a Tech- 
nical Assistance Mission of European 
experts visiting the U. S. studying 
different aspects of the industry and 
comparing them with practices in 
their own countries. 


Bibliography on Uranium in Arizona, 
Nevada, and New Mexico, by Mar- 
garet Cooper. Geological Society of 
America. 38 pp., $0.25., 1953.— Offers 
bibliography and index of published 
literature on uranium and thorium 
and radioactive occurrences in the 
U. S. 


Advances in Geophysics, by H. E. 
Landsburg and others. Academic 
Press, 362 pp., 1952.—Deals with a 
wide range of geophysical thought 
covered by eight authors. Statistics, 
meteorological information, explora- 
tory work and other matters are 
covered. 


Engineering Valuation and Deprecia- 
tion, by Anson Marston, Robley 
Winfrey, and Jean C. Hemstead. 
McGraw Hill Book Co., $8.00, 508 pp. 
—This is a major revision of Mars- 
ton and Agg’s Engineering Valuation 
dealing in concepts and procedures 
involved in the appraisal of indus- 
trial, commercial, utility and natural 
resource properties. 


The Basis of Mine Surveying, by 
M. H. Haddock. Chapman & Hall, Ltd. 
$4.26, 301 pp., 1952.— Provides a 
groundwork in the subject and deals 
fully with mathematic requirements. 
Mechanical methods of computation 
are presented. 


Chemical Processing of Wood, by 
Alfred J. Stamm and Elwin E. Har- 
ris. Chemical Publishing Co., Inc. 
$12.00, 595 pp., 1953—A  compre- 
hensive presentation of information 
on the chemical utilization of woods, 
especially of wood residues and infe- 
rior species of wood, to produce mod- 
ified wood products, pulp products, 
and various derived chemicals. 


Geology and Mineral Deposits of 
Pre-Cambrian Rocks of the Van Horn 
Area, Texas, by Philip B. King and 
Peter T. Flawn. University of Texas, 
$5.75 cloth bound and $5.00 paper 
bound, 218 pp., 1953.—Bureau of Ec- 
onomic Geology of the University of 
Texas and the U. S. Geological Sur- 
vey cooperated in preparing the text. 


Books for Engineers 


Lime and Limestone, Part I, by 
N. V. S. Knibbs and B. J. Gee. H. L. 
Hall Corp., Ltd., 113 pp., 1953.—Dis- 
cusses the origin, occurrence, proper- 
ties, chemistry, analysis, and testing 
of limestone, dolomite and _ their 
products, and the theory of lime- 
burning and hydration. 


The Colorimetric Determination of 
Copper with 2,2-Diquinolyl in Min- 
erals and Ores, by R. J. Guest. 
Canadian Department of Mines and 
Technical Surveys. $0.25, 18 pp., 
1953.—A colorimetric procedure for 
the determination of copper is de- 


scribed. According to the 
the simplicity and rapidity of the 
method lend it to routine work. 


report, 


The Determination of Aluminum by 
the Fluorophotometric Method, by 
J. B. Zimmerman, Canadian Depart- 
ment of Mines and Technical Sur- 
veys. $0.25, 12 pp., 1953.—A method 
is described by which a wide range 
of aluminum concentrations may be 
determined speedily and with ap- 
proximately +5 pct accuracy for 


samples containing less than 1.0 pct 
aluminum. 
(Continued on page 648) 


USED ON EVERY TYPE 
DRILLING OPERATION 


Whether it be water exploration in San Diego County, grout hole 
drilling on dam sites in Washington, deep hole drilling on the 
Colorado Plateau, or underground jong-hole exploratory drillirg 
in Idaho — your assurance for less cost per foot drilling isa . 


CHRISTENSEN DIAMOND BIT. 


CHRISTENSEN 


DIAMOND PRODUCTS COMPANY 


1937 South 2nd West 


Solt Lake City, Uteh 
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The Mining Journal Annual Review. 
The Mining Journal Ltd. More than 
250 pages. $1.00, 1953.—A summary 
of events throughout the mining 
world during 1952. Technical and 
economic aspects are covered in a 
country by country review. 


Directory of Indian Mines and Met- 
als, compiled by P. K. Ghosh. 
Mining, Geological and Metallurgi- 
cal Institute of India, 208 pp., 1952. 
—The text was compiled to present 
a general picture of the Indian min- 
eral industry. Prices queted are 
those current during 1952. 


why: 
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@ Bolts store in less space.. 
transportation costs are reduced. 


THE CALIFORNIA WIRE CLOTH CORPORATION, 
THE COLORADO FUEL AND IRON CORPORATION, DENVER AND WEW YORK 


The directory supplies a list of firms, 
and presents an introduction to In- 
dian minerals in respect to applica- 
tion, treatment, distribution, and 
commercial aspects. 


Handy Technical Dictionary. Central 
Book Co. $20.00, 1088 pp., 1953.— 
Technical terms in English, German, 
French, Italian, Portuguese, Spanish, 
Polish, and Russian are arranged in 
language groups with each group 
arranged alphabetically. Subjects 
dealt with comprise light and heavy 
machinery, parts components and 
sections, electrical plants, and trade 
and domestic tools and apgtiences. 


TEEL PRODUCTS FOR THE MINING INDUSTRY | 
| 


This modern means of mine roof or wall support provides 
greater safety, economy and better housekeeping...here’s 


®@ Support is furnished within a few inches of the face or 
heading. Blasting has little or no effect on the bolts. 


@ More clearance is provided overhead and on the sides. 


@ Ventilation is improved by the elimination of 
crossbars and posts. 


-handling and 


@ Less installation work is required than for timbering. 
Investigate the use of CF&I Rock Bolts for your own mining 
operation. Write for additional information. 

CF&I Products for the Mining Industry 


Cal-Wic Wire Cloth Screens + Mine Rails and Accessories 
Rock Bolts» Wickwire Rope + Grinding Balls - Grinding Rods 


OAKLAND 


Books for Engineers Cont'd 


53) Mason K. Banks. 


U. S. Geological Survey Publications 


Cire 158 Industrial Clays of the 
Columbia Basin (Circulars are is- 
sued free of charge by the U.S.G.S.). 

Cire 202 Thorium mineral occur- 
rences in Alaska. 

Cire 207 Reconnaissance for radio- 
active deposits in Cook Inlet region, 
Alaska. 

Cire 213 Report on Jo. Reynolds 
area, Clear Creek Cty., Colo. 

Cire 219 Reconnaissance of various 
uranium and copper deposits in 
Western U.S. 

Cire 220 Selected papers on urani- 
um deposits in the U.S. 

Cire 225 Geochemical association 
of columbium and titanium. 


U.8.G.S8. circulars are issued free of charge. 
Recent U. S. Patents 


2,628,787 Apparatus for analyzing 
particle size distribution. (2/17/53) 
Sharples Corp. 

2,628,717 Sulphide flotation re- 
agent. (2/17/53) American Cyana- 
mid Co. 

2,628,827 Air-mechanical flotation 
machine. (2/17/53) Mining Process 
& Patent Co. 

2,629,493/494 Iron ore flotation 
with carbohydrate xanthate. (2/24/ 
53) Earl H. Brown. 

2,629,650 Removal of iron impuri- 
ties from phosphate rock. (2/24/53) 
International Minerals & Chemical 
Corp. 

2,630,207 Underground mine con- 
veyor. (3/3/53) Joy Mfg. Co. 

2,630,226 Miner’s gold pan with 
trap. (3/3/53) Frank Streng. 

2,630,306 Subterranean retorting 
of oil shale through tunnels. (3/3/ 
53) Socony-Vacuum Oil Co. 

2,630,307 Recovery of oil from 
shale in place. (3/3/53) Carbonic 
Products Co. 

2,630,308 Coal mining and loading 
machine. (3/3/53) Jeffrey Mfg. Co. 

2,630,309 Centrifugal reverbera- 
tory furnace (3/3/53) Frederick C. 
Ramsing. 

2,630,369 Hydrometallurgical proc- 
ess for treating vanadium and ura- 
nium ores (3/3/53) Climax Ura- 
nium Co. 

2,630,371 Process for manufacture 
of magnesium. (3/3/53) Merck & Co. 

2,630,377 Continuous leaching ap- 
paratus. (3/3/53) Henry E. Lewis. 


2,631,726 Hydraulic classifier. (3/ 
17/53) George A. Auer. 
2,633,089 Mine car design. (3/31/ 


53) Henry F. Flowers. 
2,633,240 Coal flotation process. 
(3/31/53) Hercules Powder Co. 
2,633,241 Flotation removal of iron 
impurities from feldspar ore. (3/31/ 


Purchase U. S. Patents (80.25 ea.) from: 
Commission of Patents 
Washington 25, D. C. 
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Allis-Chalmers know-how and equipment have been 
playing a leading role in the processing of taconite. A-C 
research laboratory tests, along with pilot plant operations 
and field work, have revealed valuable data on the process- 
ing of low grade iron ore. Crushers, vibrating screens and 
grinding mills furnished by Allis-Chalmers are already 
helping to solve the problem of taconite processing on 
the Mesabi range. 

This unsurpassed background and experience on taconite, 
as well as A-C’s many years of successful accomplishments 
on other ores, is available to you when you call an Allis- 
Chalmers representative. Phone the A-C man nearest you 


today, or write Allis-Chalmers, Milwaukee 1, Wisconsin. 
A-3997 


Proof that mining men 


find it profitable to spec- 

ify Allis-Chalmers grind- 

Principal Cities in / ing mills is seen in the 
act that 7 owt of 10 A-C 

the U. a A. Distributors ; = mills sold today are re- 


Throughout the World. Vibrating Screens Jaw Crushers Gyratory Crushers Hammermills Kilns, Coolers, Dryers peat orders! 
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HEWITT-ROBINS 


EXECUTIVE OFFICES, STAMFORD, CONNECTICUT 
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onveyors Handle Ore 


Whenever you handle ore in bulk—underground, over- 
land, in open pit or mill—Hewitt-Robins belt conveyor 
systems will provide the most efficient, most economical 
answer. 


Hewitt-Robins designs and manufactures a complete 
line of belt conveyor systems . . . Sectionalized Ore Mine 
— Mine-Type Shuttle— Engineered . . . each one matched 
to the requirements of a particular type of ore handling 
operation. 


All Hewitt-Robins belt conveyor systems are backed 
by unified responsibility. Because Hewitt-Robins is the 
only company that designs and manufactures both the 
belting and specialized machinery, and assumes full re- 
sponsibility for successful operation from drafting board 
to installation. 


ENGINEERING DATA 


FOR BLOCK CAVING: Hewitt-Robins sectionalized ore 
mine conveyors maintain a steady flow of ore in haulage 
drift or sub-drift under grizzly level . . . eliminate down 
time for timber repairs and replacement . . . assure less 
chance of breaking in stopes or arching in the chutes .. . 
provide faster withdrawal of block being mined. 


FOR UNDERGROUND HAULAGE: Hewitt-Robins section- 
alized ore mine conveyors and mine-type shuttle con- 
veyors provide continuous transportation from working 
face to points of beneficiation. The mine-type shuttle 
conveyor answers the problem of truly continuous mining 

. it follows the working face and at the same time 
maintains a fixed transfer point through a fixed tripper— 
unit is extendable or retractable up to 600' . . . Sectional- 
ized ore mine conveyors for main and stope haulage are 
available in 8' and 12' sections suitable for 3' and 4' idler 
spacing with choice of 24", 26", 30", 36", 42" and 48" belt 
widths. 


FOR OVERLAND, OPEN PIT AND MILL HAULAGE: Hewitt- 
Robins engineered conveyors are designed to meet par- 
ticular local conditions. They are available in belt widths 
from 16" up to 72"... . are supplied with anti-friction, 
offset demountable-type idlers with 214" diam. idler rolls 


(where minimum vertical clearance is available) up to , 


7" diam. rolls (where conditions require). 


INCORPORATED 


DOMESTIC DIVISIONS: Hewitt Rubber + Robins Conveyors «+ Robins Engineers + Restfoam 
FOREIGN SUBSIDIARIES: Hewitt-Robins (Canada) Ltd, Montreal + Hewitt-Robins Internationale, 


Paris, France + Robins Conveyors (S. A.) Lid., Johannesburg * EXPORT DEPARTMENT: New York City. L 


CHECK FOR INFORMATION ABOUT 
THESE JOB-TESTED PRODUCTS 
FOR YOUR OPERATION 

CONVEYORS: 
—Dock 
(_] —Shuttle 
—Vibrating 
() —Fixed Tripper Shuttle 
BELTING: 
*C) —Elevator —General 
*C] —Hot Materials 
—Raynile* 
*C) —Steel Wrapper 
—Transmission 
—Woven Wire 
BUCKET ELEVATORS 
C) IDLERS 
SCREEN CLOTH: 
C) —Electrically Heated 
—General 


Cj 
VIBRATING SCREENS: 
—Dewoaterizers 
—General 
() —Heavy-Duty Scalpers 
—Heavy Medic 
HOSE: 
—Acid —Air 
—Air Drill —Fire 
—Servall" *C) —Steam 
*C] —Pinch Valve 
*C) —Twin-Weld* 
—Water 
—Water Suction 
—Flexible Rubber Pipe 
MECHANICAL FEEDERS 
STACKERS 
CAR SHAKEOUTS 
TRIPPERS 
BELT CLEANERS 
GROOVED PULLEY LAGGING 
RUBBERLOKT’ BRUSHES 
(_] MOLDED RUBBER GOODS 
() DESIGN AND CONSTRUCTION 
OF COMPLETE MATERIALS 
HANDLING SYSTEMS 


*For i i tion about these 
industrial rubber products, call your 
Hewitt Rubber Distributor (See “Rubber 
Products,” Classified Phone Book.) 


Hewitt-Robins Incorporated 
666 Glenbrook Road 
Stamford, Connecticut 


TITLE & COMPANY 


STREET ADORESS 


| | 
| 
2 
| 
| 
| 
| 
| | 
! 
| 
| | 
| 
| 
| | 
| NAME | 
| 
i 
city PO ZONE STATE 
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New Products ° 


FILL OUT THE POSTCARD FOR MORE INFORMATION e 


Equipment 


Deep Hole Drilling 


Gardner-Denver Co. has announced 
what is said to be the first percussion 
drill specifically designed for deep 
hole drilling. The new model SFH99 
permits a 4-ft change in a 7-ft drift 
and other features facilitate drilling 


ri\ 


ring patterns. Shank rod location in 
the chuck prevents loss of rod string 
on down holes, and an extra heavy 
centralizer supports the string on up 
holes. The SFH99 is equipped for re- 
verse rotation to permit one-wrench 
uncoupling of rods, and also has the 
G-D Ring Seal Shank to deliver 
either air or water to the rod string 
at high pressure. Circle No. 1 


Welding Unit 


Compact new Unitow welding unit 
moves direct to job under its own 
power. An International Harvester 
engine drives the 300 to 400 amp 
generator and the tractor mount. 
Double duty as a tractor is another 
feature of this unit built by Hensel 
& Green Co. Circle No. 2 


A new magnetically driven com- 
bined pump and motor built by 
Chempump Corp. requires no mech- 
anical seals or stuffing boxes. Suited 
to handling corrosive, radioactive 
and highly volatile liquids, the rotor 
is isolated. Circle No. 3 


Air Regulator 


Capable of handling large volume 
of compressed air with minimum 
pressure drop, De Vilbiss Co. has 
marketed the type HAA regulator 
with capacity of 80 cfm at 100 psi, 
capable of regulating up to 135 psi 
line pressure. Circle No. 4 


Exhaust Fans 


Corrosion resistant exhaust ventil- 
ators for use in industrial plants and 
laboratories are now produced by 
American Agile Corp. The ventila- 
tors, fabricated throughout with un- 
plasticized polyvinyl chloride, are 
available in four sizes from 250 to 
1670 cfm. Circle No. 5 ’ 


Automatic Strainer 


An automatic self-cleaning 
strainer produced by S. P. Kinney 
Engineers Inc., for pipelines from 
2 to 36 in. diam removes fine sus- 
pended particles from raw or process 
water and disposes of them by means 
of a rotating drum with straining 
elements. Circle No. 6 
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Hoist 

Zip-Lift Electric Hoist with rope 
control, priced less than $200, is an- 
nounced by Harnischfeger Corp. The 
new Zip-Lift comes in two models of 
500 and 1000 lb lifting capacity with 
hoisting rates of 25 and 13 fpm. Both 
models are available with 12-ft and 
18-ft lift. Cirele No. 7 


Conveyor Idlers 

Three new lines of idlers have been 
announced by Pioneer Engineering 
Works Inc. The Mesabi type impact 
idlers are equipped with rubber seg- 
ments to absorb shock of falling rock, 


the self-cleaning return idlers are 
equipped with wide-spaced rubber 
roll segments, and the self-aligning 
troughing idlers incorporate a pivoted 
base and guide rollers. Cirele No. 8 


Electrode Holder 


Cooler, lighter, and less tendency 
to roll are claims for an are welding 
electrode holder produced by Weld- 
ing Products Division of A. O. Smith 
Corp. Circle No. 9 


Maintenance Instrument 

Anco Instrument Div. has a port- 
able electronic instrument, Elec- 
Dectec model V with head phones 


and a milliammeter to enable the 
operator to “see as well as hear” 
noise sources in all types of mechan- 
ical equipment. Circle No. 10 


Mobile Weigher 


A new device made by W. C. Dillon 
& Co. Inc., Van Nuys, Calif., is a com- 
bination swivel arm and scale that 
weighs merchandise while it is being 
transferred. Circle No. 11. 


Portable Electricity 

Independent source of electricity 
beyond power limits is provided by 
a gasoline driven generator intro- 
duced by Porter-Cable Machine Co. 
and available in two models: a one- 
man de unit weighing 76 lb, and a 
two-man 135-lb ac unit. Circle No. 12 


Bag Tires 

New experimental Rolligon vehicle 
built for Army Transportation Corps 
travels on three giant Goodyear 
molded “tireless tubes.” Each Roll- 


igon is positioned by an axle, and 
driven by rotating rollers. No springs 
are needed. The bag-like tires will 
conform to rocky terrain, and provide 
flotation. Circle No. 13 


Wire Rope 

Using the abilities of a coil spring 
to flex and to resist crushing, Jones & 
Laughlin Steel Corp. has made a 
new wire rope with a coiled steel 


spring for its core. The void inside 
the spring provides a reservoir for 
lubrication. Circle No. 14 


Moisture Seal 


Das-Seal, sold by Dasco Chemical 
Co., is anew compound to be sprayed 
or painted over rocks in mine roofs 
for sealing moisture and seeping 
water. Claimed to keep mines dryer, 
and reduce rock fall, the sealer may 
be applied to damp as well as dry 
surfaces. Circle No. 15 


Hot Conveying 

B. F. Goodrich Co. has a new con- 
veyor belt with a patented nylon 
cord breaker paired with a glass 
fabric belt carcass. Used successfully 
handling hot materials up to 500°F, 
the nylon cords reinforce the rubber 
cover and resist formation of trans- 
verse cracks. Circle No. 16 


Rotary Drill 

With the model B-52,  truck- 
mounted, rotary drill, Mobile Drilling 
Inc. enters the deep rotary drill field 
with a 500-ft unit. Dual cylinder feed 
provides 5, 6, or 7-ft stroke and 12,- 
000-lb pressure for auger, rotary or 
percussion drilling. Claimed to be low 
priced, the drill fits most heavy duty 
truck chassis. Circle No. 17 
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(21) CONSULTING SERVICES: 
The Association of Consulting Chem- 
ists and Chemical Engineers Inc. has 
issued the 14th edition of “Consulting 
Services,” a 144-page directory of 
each member’s qualifications and 
activities. A new section lists unusual 
laboratory equipment owned by 
members. A first copy is free, further 
requests will be honored at $1.00 per 
copy. 


(22) MAINTENANCE: “Proper 
Maintenance of Control” tells what 
to look for in servicing control 
equipment. The 8-page manual from 
Allis-Chalmers Mfg. Co. has a 
trouble-shooting chart and lists 26 
possible check points to assure satis- 
factory control performance. 


(23) LOW TEMPERATURES: 
Arthur D. Little Inc. has made avail- 
able reprints of three staff articles: 
“Application of Extreme Low Tem- 
perature to the Field of Metallurgy,” 
“Field of Electronics” and “—Field 
of Chemistry.” 


(24) PNEUMATIC CONVEYORS: A 
bulletin with eleven drawings and a 
simple text published by Convair ex- 
plains pneumatic conveying systems 
used by various industries. 


(25) TESTING APPARATUS: Soil- 
test Inc., Chicago, has published a 
72-page catalog describing and illus- 
trating over 800 items of apparatus 
for engineering tests of soil, con- 
crete, and bituminous materials. A 
special section is devoted to appara- 
tus for chemical tests of soils. 


(26) TURBINE PUMPS: A new bul- 
letin from Worthington Corp. makes 
liberal use of photographs to illus- 
trate wide industrial application of 
vertical turbine pumps. 


(27) PIPE: Babcock & Wilcox Co. 
has issued a helpful guide in obtain- 
ing most economical service from 


MAIL THIS CARD 


for more information on 
items described in Manu- 
facturers News and for 
bulletins and catalogs 
listed in the Free Litera- 
ture section. 


pipe and tubing installations. The 
bulletin outlines available technical 
data accumulated over many years 
from performance reports and lab- 
oratory research. 


(28) SAFETY POSTERS: Both hu- 
morous and serious approaches are 
used in the 756 posters illustrated in 
the 1953 Directory of Occupational 


INSTEAD OF A SQuAT! 


Safety Posters published by the Na- 
tional Safety Council. Included are 
many posters for mining, chemical, 
and petroleum industries. 


(29) HOSE CARE: Called “Tips on 
Hose Care,” a bulletin from Hewitt- 
Robins Inc. tells what to do and 
what not to do in use and storage of 
rubber hose. 


(30) PLATE MAGNETS: Magnetic 
Engineering & Mfg. Co. has a new 
catalog illustrating Memco Alnico- 
Permanent Non-Electric plate mag- 
nets made in standard widths from 
4 to 48 in. and in four strengths, de- 
signed for installation on spouts, 
chutes, tables, or over conveyor 
belts. 


Mining Engineering 


Please send me 


29 West 39th St. 
Not good after October 15, 1953—if mailed in U. S. or Canada 


More Information 
Free Literature 0 
Price Data 


(31) RUBBER DATA: Chemical re- 
sistance of various types of rubber 
is given in a check list issued by Re- 
public Rubber Div. of Lee Rubber 
and Tire Corp. Five rubber compo- 
sitions are rated for chemical re- 
sistance to 40 different materials. 


(32) CARBIDE TOOLS: Nine styles 
of carbide tipped mining tools are 
featured in a new mining tool cata- 
log released by Vascoloy-Ramet 
Corp. Auger drill bits, chain cutter 
bits, roof drills, and finger bits are 
included in the line. 


(33) MINING PRODUCTS: “Prod- 
ucts for the Mining Industry” is a 
Sunday supplement-type rotogra- 
vure brochure issued by Boston 
Woven Hose & Rubber Co. Photo- 
graphs and captions tell the applica- 
tion story of hose, conveyor belt, and 
other industrial rubber products. 


(34) TRUCK CRANE: A new 6-page 
illustrated bulletin on the model 
T-35 6-ton, %-yd truck crane from 
Schield Bantam Co. contains de- 
tailed mechanical specifications, op- 
erating data, and information on 
truck mountings and interchange- 
able attachments. 


(35) CASTINGS: American Brake 
Shoe Co. has a new 12-page booklet 
on typical industrial castings of 
Ductalloy (Brake Shoe’s trade name 
for ductile iron). 


(36) DITCHERS: An illustrated cat- 
alog from Gar Wood Industries 
shows the many types and sizes of 
Buckeye Ditchers available, their 
digging speeds, digging depths and 
widths. Data on engines, horse- 
power, machine weights, and ground 
bearing pressure are also included. 


(37) STEAM TRAPS: Combining 
seven devices in one single unit: 
steam trap, air-by-pass, check valve, 
strainer, sight glass, temperature in- 


New York 18, N. Y. 
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dicator, and temperature control, 
the Universal Velan Trap is de- 
scribed in two catalogs issued by 
Velan Engineering Ltd. 


(38) AIR COMPRESSOR: Descrip- 
tive data and engineering specifica- 
tions on the Cooper-Bessemer M- 


Line of compressors are presented in 
Cooper-Bessemer’s 44-page bulletin. 


(39) TRAILER PLANT: Mobile 
power plants no larger than a house 
trailer are designed by Fischer & 
Associates Engineering Organization, 
Cleveland. Serving as_ stand-by 
units for municipalities, they can 
also be used by the mining industry 
as well as other large installations 
requiring large amounts of electric- 
ity not available from usual high- 
line sources. 


(40) NEW MOTOR STANDARDS: 
General Electric Co. provides com- 
plete information on new NEMA 
motor standards for 1 to 30 hp ac 
motors in a bulletin comparing old 
standards with new frame dimen- 
sions. 


(41) TEMPERATURE CONTROLS: 
Burling Instrument Co. has a con- 
densed catalog showing essential 


features of the 17 electrically op- 
erated temperature controls in chart 
form. Included is a separate de- 
scription of the company’s pneu- 
matic and valve type controls. 


(42) CONVEYOR CARRIERS: Sim- 
plex belt conveyor carriers with 
welded steel frames, and unique 
spun end rolls are covered in a new 
bulletin from Stephens-Adamson 
Mfg. Co. 


(43) DISC BRAKES: Some of the 
varied industrial applications of the 
Goodyear airplane-type disc brakes 
are illustrated in a new brochure 
from Goodyear Tire & Rubber Co. 
Photographs show their use on mine 
shuttle cars, locomotives and loading 
machines, as well as on such equip- 
ment as fans and high speed saws. 


(44) COMMUNICATIONS: Selec- 
tive paging of supervisors and main- 
tenance men is easily handled by 
IBM’s Portable Paging Unit. These 
units, which can be plugged into ac 
power outlets, are described in a 
folder from International Business 
Machines Corp. 


(45) BOLT HOLE CLEANER: Mine 
Safety Appliances Co’s MSA bolt 
hole cleaner, tested and approved by 
the U. S. Bureau of Mines, is avail- 
able in electrically and mechani- 
cally driven models. Further de- 
tails on the dust-collecting unit are 
contained in a recent MSA bulletin. 


(46) TORCHES: Catalog No. 100 
from The Turner Brass Works, Syca- 
more, Ill. introduces a new line of 
L-P (Liquefied Petroleum) fire pots 
and torches. 


(47) DIESELS: Five Cummins Die- 
sels manufactured by Cummins En- 
gine Co. Inc. and 17 standard models 
of Euclid haulage equipment they 
power are described in a 16-page 
booklet published by Euclid Road 
Machinery Co. 


(48) STRIPPING: Thirteen photo- 
graphs of Caterpillar equipment at 
work in strip-mining operations il- 


FIRST CLASS 
PERMIT No. 6433 
Sec. 34.9 P.L.GR. 
New York, N. Y. 


BUSINESS REPLY CARD 


NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 


3c.—POSTAGE WILL BE PAID BY— 
MINING ENGINEERING 

29 WEST 39th STREET 

NEW YORK 18, N. Y. 


lustrate “Strip Mining,” a new 8- 
page booklet published by Caterpil- 
lar Tractor Co. 


(49) VACUUM PUMP: Claiming for 
the first time a rotary pump that 
ends vapor condensation problems, 
National Research Corp. has a 16- 
page bulletin explaining the Gas 
Ballast principle and the construc- 
tion and operation of the NRC Ro- 
tary Gas Ballast Pump. 


(50) CORROSION CONTROL: The 
uses and advantages of Hagafilm, a 
film-forming amine for controlling 
corrosion in steam condensate sys- 
tems, are set forth in a bulletin 
from the Hagan Corp. 


(51) MATERIALS HANDLING: In- 
formation on a combination carton 
and drum clamp adaptable to El- 
well-Parker Electric Co. fork trucks 
is now available. 


(52) RUBBERIZED ABRASIVES: 
Adaptability, versatility, applica- 
tion, specifications, and prices of 
Cratex Mfg. Co.’s Rubberized Abra- 
sives are contained in a new 8-page 
catalog. 


(53) RPM CONTROL: A completely 
revised and amplified bulletin has 
been issued by U. S. Electrical Mo- 
tors Inc., manufacturers of Vari- 


ome 


Ri Ms 


“THE MIRACLE MOTOR | 


drive motors. It includes 80 colored 
illustrations of motors, mechanical 
features, and remote controls. 


(54) CONVEYORS: Standard tu- 
bular frame conveyors are described 
in a bulletin from E. F. Marsh En- 
gineering Co. A tubular truss is 
claimed to have greater strength, 
greater rigidity than other standard 
structural shapes. 


(55) PIPE LINE FILTERS: A 4-page 
builetin from Dollinger Corp. de- 
scribes four new low pressure pipe- 
line filters recommended for removal 
of dirt, scale, oil and water vapor 
from compressed air lines. 


(56) PORTABLE SAW: Ingersoll- 
Rand Co. has available a folder on a 
new air-powered circular saw for 
cuts to 4% in. Designed for 90 psi 
air supply, the S-12 air saw uses IR’s 
Multi-Vane air motor in a saw offer- 
ing maximum safety of operation. 


MULTI-STAGE 
MULTI-CYLINDER 
100 to S000 
VARIABLE 
| | 


eading after both top heading and bench 
een excavated. Excavated dia,—S1 ft. 


Main Jumbo drit ing tep heading—mounts 17 
T-350 long-feed drifters on Joy Hydro Drill Jibs. 


PROGRESS REPORT ON THE 
ORLD’S LARGEST TUNNEL 


Twin Tunnels $1’ Dia., 5% mi. length. 


eo Jumbo for bench drilling— suspended from roof » Niagara Falls, Ontario. 
supports—mounts 13 Joy T-350 long feed drifters. (All Joy I lation) 
— oy Installation): 


114 T-350 Drifters on LW-6A Feeds on Hydro Drill Jibs. 
24 WN-102 Semi-Portable Air Compressors. 
Series 1000 Axivane Fans—added as 
needed to maintain air volume. 


The world’s _ tunnel is being bored out of solid 


rock with the of Joy rock-drilling equipment, 
ventilating fans and air compressors. 
4,375,000 cu. yds. (9,923,000 tons) of rock will be 
excavated to form the huge twin tunnels. These 54% mile 
@ 8 Joy WN-102 compressors—referred to by con- tunnels will convey water from the ya Niagara River 
tractor as “ultimate in compressor usage.” beneath the city of Niagara Falls, Ontario, to a point 
: near the Whirlpool Rapids, well below the Falls. Water 
thus diverted for hydro-electric power purposes would 
supply ¢ the water needs of 200 million people! 
is is the first large tunnel operation where drilling 
has been mechanized. The “All Joy Equipment” installa- 
tion confirms Joy's position as leader in the heavy 
construction and tunneling equipment market. Joy 
Manufacturing Company, Oliver Building, Pittsburgh 22, Pa. 
In Canada: Joy Manufacturing Company (Canada) Limited, 
Galt, Ontario. 


@ Series 1000 Axivane Fans in ventilation arrange- 
ment. Tracks permit adding fans as desired. 


WORLD'S LARGEST MANUFACTURER OF 
UNDERGROUND MINING EQUIPMENT 
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Ni-Hard saves money. . 
your money 


where Abrasion is severe 
NI-HARD is produced by authorized foundries 


from coast to coast 


Ni-Hard®...an abrasion-resisting nickel iron...has proved the 
answer to hundreds of problems involving severe abrasive wear. 
During the past 20 years it has set notable records for length of 
service, down-time savings and ultimate economy where wear- 
resistance is the primary requirement. 

Mine operators save labor and cut maintenance as well as 
operating costs by using Ni-Hard. Less pounds of wear per ton 
of production help make possible large saving wherever Ni-Hard 
cast parts replace those heretofore used under drastic operations. 
Typical applications of Ni-Hard in the mining field are illustrated. 

At the present time nickel is available for end uses in defense 
and defense-supporting industries. The remainder of the supply 
is available for some civilian applications and governmental 


stockpiling. 


SOURCES OF SUPPLY FOR NI-HARD CASTINGS 


EASTERN SECTION 
Abrasive Alloy Castings 


0. 
Bridgeboro, N. J. 


American Abrasive Metals 
Co. 

460 Coit St. 

Irvington 11, N. J. 


Babcock and Wilcox Co 
Barberton, Ohio 


Brake Shoe & Castings Div. 
American Brake Shoe Co 
230 Park Ave. 

New York 17, N. Y. 


Engineered Castings Div. 
American Brake Shoe Co. 
10 Mount Read Bivd. 
Rochester 11, N. Y. 


Hardinge Manufacturing Co. 
240 Arch Street 
York, Pa. 


Helmick Foundry-Machine 


0. 
8th St. & Beit Line 
Fairmont, W. Va. 


Link-Belt Co., 

Olney Foundry Div 
180 W. Duncannon Ave. 
Philadelphia 20, Pa. 


National Roll & 
Foundry Co. 

Railroad Ave. 

Avonmore, Pa. 


New Castle Foundry Co 
Mahoning Ave. & Hobart St. 
* New Castle, Pa. 


Pennebacker Co. 
Emmaus, Pa. 


Plattsburg Foundry & 
Machine Co. 
Plattsburg, N. Y. 


Sprout, Waldron & Co., Inc. 
Muncy, Pa. 


Write to your nearest supplier or International Nickel for your copy of “Engi- 


Treadwell Engineering Co. 
Lenox & 25th Street 
Easton, Pa. 


U. S. Pipe and Foundry Co. 
Burlington, N. J. 


Weatherly, Fdry. & Mfg. Co. 


Weatherly, Pa. 


CENTRAL SECTION 


Brake Shoe & Castings Div. 
American Brake Shoe Co. 
109 N. Wabash Ave. 
Chicago 4, Ill. 


Brom Machine & 
Foundry Co. 
3565 W. 6th St. 

Winona, Minn. 


Calumet and Hecla Inc. 
Calumet, Mich. 


Carondelet Foundry Co. 
2101 S. Kingshighway Bivd. 
St. Louis 10, Mo. 


Eagle Iron Works 
129 Holcomb St. 
Des Moines, la. 


Frank Foundries Corp. 
2020 3rd Ave. 
Moline, lil. 


Staver Foundry Co. 
P.O. Box 74 
Virginia, Minn. 


Stearns Mfg. Co., Inc. 
Adrian, Mich. 


Wells Manufacturing Co. 
7800 N. Austin Avenue 
Skokie, lil. 


Youngstown Foundry & 
Machine Co. 

P.O. Box 539 

Youngstown, Ohio 


SOUTHERN SECTION 


Arkansas Foundry Co. 
1501 East Sixth St. 
Little Rock, Ark. 


neering Properties and Applications of Ni-Hard.” 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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Georgia Iron Works Co. 
605 12th St. 
Augusta, Ga. 


Keller Foundry Co. 
1010 E. Jackson Ave. 
Knoxville, Tenn. 


Pekor Iron Works, Inc. 
P.O. Box 909 
Columbus, Ga. 


Texaloy Foundry Co. 
P.O. Box 7134 
San Antonio 10, Tex. 


Thomas Foundries, Inc. 
3800 10th Ave. No. 
Birmingham 1, Ala. 


WESTERN SECTION 


Caird Engineering Works 
Helena St. & Montana Ave. 
Helena, Mont. 


Capitol Foundry Co. 
Phoenix, Arizona 


Darbyshire Steel Co., Inc. 
P.O. Box 352 
El Paso, Tex. 


Eagle Foundry Co. 
75 Horton St. 
Seattle 4, Wash. 


Pacific Ball Mfg. Co. 
P.O. Box 106 
Southgate, Calif. 


Pacific Foundry Co., Ltd. 
3100 19th St. 
San Francisco, Calif. 


Stanley Foundries 
6009 Sante Fe Ave. 
Huntington Park, Calif. 


Union Iron Works 
P.O. Box 2135 
Spokane 2, Wash. 


NI-HARD GRINDING BALLS used in milling ore 
for a large copper mining company outlast white 
iron balls 2 to 1. Shown here, are 2” diameter 
NI-HARD balls, chill-cast. 


LINERS FOR BALL MILL. These arechilled NI-HARD 
liners that replaced a rolled steel type used for 
milling ores. The user tried all sorts of liner ma- 
terial, including manganese steel, chilled iron, etc., 
before standardizing on NI-HARD. 


TAKING FULL ADVANTAGE OF NI-HARD, the 
manufacturer of this solids-handling pump pro- 
vides a wear-resistant product by using this nickel- 
chromium iron for impellers, shell liners, suction 
side liners, engine side liners, throat and seal rings. 


67 WALL STREET 
NEW YORK 5, N.Y. 
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Mining Engineering 


Geological Survey topographic mapping parties started initial operations in the 
1953 Alaskan mapping program. One area to be covered is 17,000 sq 
miles in the Kantishna River, Melozitna, Tanana, Fairbanks, Healy and 

Mt. McKinley section, The other area to be covered is the Kenai, 

Tyonek, Blying Sound and Seldovia areas. 


Average starting salary earned in 1952 by Columbia University School of Engineering 
graduates was $4000 yearly. This year's graduates can expect to start at 
about $4300, according to a survey taken oy Columbia. Fisures cover 

only those with Bachelor degrees. Graduates with a Master's started at 

an average of $500 per year more. 


One of Ontario's biggest staking rushes was set off by reports of a uranium find, 
Prospectors and miners are reported to have swamped the mine recorder's 
office at Sault Ste. Marie getting claims recorded, while others 

grabbed off area maps before applying for mining licenses. 


Seven more purchasing contracts have been signed with American and Mexican 
manganese producers, under a three-year project to encourage Mexican 
manganese production. The new contracts call for delivery of 136,000 
tons of manganese to the U. S. from below the border. About 135,000 
tons remain to be purchased under the program, which calls for a total 
of 550,000 tons. 


Utah Construction Co.'s subsidiary, Marcona Mining Co., shipped some 60,000 tons 
of Peruvian iron ore to the Fairless Works of U. S. Steel Corp. First 

shipments started last April. The Marcona mine has not reached its 

full production potential. 


The Richard mine of the Colorado Fuel & Iron Corp., Wharton, N. J. won the 
statewide Interplant Safety Contest for the fourth time in five years. 
The Richard mine had the lowest number of lost-time accidents per 
man-hours worked, The New Jersey Department of Labor and Industry 

sponsored the contest with every active mine in the state entered. 


A new industry has been started in Montana by the Finlen & Sheridan Mining Co,., 
with mining and milling of high grade barite near Elk Creek, Missoula 
County. Finished product is reported finding a ready market in the 
Midwest, Rocky Mountain states, the South, and the West Coast. 


United States Steel Corp. announced that it will close its National No. 1 mine 
because of exhaustion of the coal body, The mine was opened in 190] 
and operated by National Mining Co., U. S. Steel subsidiary. It 

merged with H, C, Frick Coke Co. during the 30's. 
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Alcan First Roast Zinc 
with DORRCO FLUOSOLIDS 


Produces SOz2 for Contact 
Acid Plant and Desulfurized 
Zinc Calcine for Leaching 


ARVIDA, QUEBEC. First commercial installation 
for fluidized zinc roasting, a Dorrco FluoSolids 
System has been on stream at the Aluminum Com- 
pany of Canada’s plant here since June, 1952. 
Alcan’s expanding primary aluminum capacity has 
increased their sulfuric acid requirements and 
FluoSolids was selected as the most economically 
and technically feasible method to produce SO, 
from zinc sulfides for contact acid manufacture. It 
frees this company from fluctuations in natural 
sulfur supplies and at the same time gives a calcine 
ideally suited for electrolytic zinc production. 


SYSTEM ROASTS 150 TONS PER DAY 

Results from the first year of operation have been 
completely satisfactory. Gas strength at the Re- 
actor stack averages 10-12% SO, ...asafe margin 
over the 7% SO, required at the converter. The 
close temperature control possible with FluoSolids 
has resulted in a combined calcine product averag- 
ing 0.3% sulfide sulfur . . . which is the specifica- 
tion on this calcine for electrolytic zinc. 


HOW THE SYSTEM WORKS 
Zinc sulfide concentrates, obtained from the 
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Northern Quebec areas, are repulped and held in 
slurry form at about 80% solids in Dorr Agitators. 
Slurry is pumped into the Reactor and is im- 
mediately dispersed and brought to the uniform 
roaster temperature of 1600°F. Gas passes out the 
side of the Reactor, through a waste heat boiler 
and cyclones before going to the acid plant. Cal- 
cine is cooled and stored prior to shipment to the 
zinc refinery. 


FOR ZINC PRODUCERS... 

FluoSolids represents a development of major 
significance. As proven by the Alcan installation, 
with this new technique a low uniform tempera- 
ture can be maintained to produce a calcine with 
high zinc solubility . . . and at the same time good 
waste heat recovery can be effected — nearly nine- 
tenths of a pound of steam per pound of zinc con- 
centrate . . . a strong gas is produced averaging 
10-12% SO, ... and there is no necessity for dry- 
ing nor for fine grinding the roaster feed. In those 
cases where calcine is sintered, any desired amount 
of sulfur can be retained, still producing a high 
strength gas. If you’d like more information on 
FluoSolids . . . the most significant advance in 
roasting technique in the last 30 years . . . write 
The Dorr Company, Stamford, Conn., or in 
Canada, The Dorr Company, 26 St. Clair Avenue . 
East, Toronto 5. 


FivoSolids is a trademark of the The Dorr Company, Reg. U.S. Pat. Off. 


PLART 
— 
SLURRY FEED STORAGE —— 
POWER DISCHARGE 
ws 
10 
| CALCINE COOLE 
CONTROL PAREL } 
bad CALCINE COMVEVING SYSTEM 
L 


JEFFREY AERODYNE MIDGET FANS 


Low height . . . Streamlined . . . 
Totally Enclosed and Permissible 
Types . . . Furnished complete 
with starters for standard power 
characteristics. 


Both Fans as priced, F.0.B. Columbus, Ohio. = Write VENTILATION DIVISION for details. 


EFF MANUFACTURING CO 
Columbus 16, Ohio 


IF IT’S MINED, PROCESSED OR MOVED sales 
.. A JOB FOR JEFFREY! 
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Chicago Pneumatic’s compact, heavy-duty Type Y Com- compressor 
pressor is ideal where space is limited. It takes up minimum 
floor area, but is designed for continuous heavy service. 
Shipped as a complete “package” ready for easy installation, 
it requires the simplest of foundations — needs no alignment. 


The highly efficient Type Y Compressor has roller main 
bearings, precision connecting rod bearings, multi-step ca- 
pacity regulation, and an easy-to-clean shell-and-tube 
intercooler. 


Available in sizes from 75 hp to 250 hp, 410 cfm to 
1663 cfm, and with flange mounted, belted and coupled 
motors. Write for Bulletin 76€. Chicago Pneumatic Tool 
Company, 8 East 44th Street, New York 17, N. Y. 


Chicago Pneumatic 


NEUMATIC TOOLS + AIR COMPRESSORS + ELECTRIC TOOLS + DIESEL ENGINES + ROCK DRILLS + HYDRAULIC TOOLS + VACUUM PUMPS «+ AVIATION ACCESSORIES 
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National Steel Shuts Weirton Coal Operation 


National Steel Corp. announced that its Weirton coal mine is to be closed 


for an indefinite period after June 27. The mine, near Morgantown, W. Va., 
was called one of the most modernly equipped mines in the country when it 


was opened January 1950. 

No reason for closing the mine 
was given beyond “extremely diffi- 
cult operating conditions.” Some 
sources, however, stated that geo- 
logical conditions proved difficult to 
solve. 

Estimated reserves of the mine 
when it was first opened ranged to 
40 years. The conveyor belt installed 
in the mine was termed “the world’s 
largest continuous belt conveyor.” 
Coal was transported through a 
two-mile tunnel cut into a mountain 
between the Monongahela River 
loading docks and the pit-head. 

Production, some months after the 
mine was opened, was reported to 
be 1500 tons, about one third of the 
reported planned capacity. Annual 
output was originally fixed at 1.5 
million tons. About 500 men were 
to be employed when the pit reached 
maximum output. 

National used Weirton coal for its 
steel making operations. The com- 
pany’s most important mine is at 
Isabella, Pa. National also owns 
one third interest in Mathies Coal 
Co., owned jointly by National, 
Youngstown Sheet & Tube Co., Steel 
Co. of Canada Ltd., and Pittsburgh 
Consolidation Coal Co. 


Dutch Firm May 
Aid Ungava Project 


Fenimore Iron Mines Ltd. is re- 
ported to be negotiating with a West 
German steel mill and a Dutch ore 
and shipping firm for the develop- 
ment of Fenimore iron ore properties 
in the Ungava Bay area of Canada. 

Joseph A. Retty, Fenimere presi- 
dent, disclosed that the N. V. 
Handels-En Transport-Maatschappij 
(Vulcaan) interests of Rotterdam 
will be appointed sole selling agent 
for the ore in Europe. Vulcaan is 
also said to have indicated that it 
will attempt to interest West German 
steel mills in the Quebec develop- 
ment. It is hoped that the German 
firms will supply machinery against 
repayment in ore. 

The concession covers some 228 sq 
miles, extending from a point 16 
miles north of Leaf Lake on Ungava 
Bay, southeastward about 112 miles 
in the Labrador Iron Ore Trough. 

Mr. Retty estimates deposits con- 
tain at least 556 million tons of ores 
which can be concentrated to 55 pct 
iron and sold along the Atlantic Sea- 
board and in Europe. Development is 
$68 million. 


Steep Rock Expects 
Hogarth Output Soon 


Steep Rock Mines expects produc- 
tion to start at its new Hogarth mine 
by August, with a possible 500,000 
tons of iron ore shipped during the 
current season. This would be in 
addition to the expected 1 million 
tons from the Errington mine. 

A good part of the north end of 
the Hogarth pit has already been 
exposed and shows excellent grade. 
It appears that a large percentage of 
this orebody will produce lump ore, 
bringing a premium of more than 
$1.00 per ton. Water, once a handi- 
cap at Hogarth, prior to the mam- 
moth task of draining Steep Rock 
Lake, is no longer significant. 


Mining Engineering 


The furnace house at the Cornwall mine was built in 1742 and is still in a fine state of 


Kennecott to Start 


New Open Pit in Nev. 


Kennecott Copper Corp. will start 


development work in the near fu- 
ture on a new open pit copper mine 
near Ely, Nev., according to Frank 


R. Milliken, vice president in charge 


of mining operations. 


Full production is expected in 1954 
from the mine to be developed from 


an orebody known as the Veteran, 


located near Kennecott’'s present Ne- 
vada operations. The low grade ore- 
body, averaging less than 1 pct cop- 
per, is 1400 ft long and 600 ft wide. 


The deposit was mined by under- 


ground methods many years ago, 
although it has not been in opera- 
tion since 1914. 

The Veteran development is the 
second undertaken recently by Ken- 
necott in this area. The first under- 
taking involved the moving of an 
entire town in order to operate new 
shafts of the Deep Ruth mine, which 
will be in full operation in 1954, 


Production from Deep Ruth is ex- 
pected to reach about 8000 tons of 
ore per day. 


preservation. Today, it is a museum open to the public and visited by thousands of 
tourists every year. The mine furnished iron for Washington's army and has been an 
active contributor in every national emergency since then. 


Historic Cornwall Mine 


Latest report of the U. S. Bureau 
of Mines shows that the old Corn- 
wall mine in Pennsylvania produced 
a varied assortment of minerals dur- 
ing 1950, in addition to its main 
product, iron ore. 

Cornwall produced 1764 oz of 
gold, 10,563 oz of silver, and an un- 
disclosed amount of copper. Iron 


Produces Variety of Ore 


ore output was placed at 1,762,540 
tons during 1950. The State Plan- 
ning Board of the Pennsylvania De- 
partment of Commerce says this his- 
toric mine was the only producer 
of commercial cobalt in the U. S. 

This month’s MINING ENGINEERING 
contains an article covering Corn- 
wall operations. 


JULY 1953, MINING ENGINEERING—659 


| 
dw 
‘ 


SWIVEL HOOK SAFETY HOOK 


EYE BOLT CLEVIS 


Joy Tail Rope Sheave Blocks were developed 
in the mines, by mining men—specifically for 
the rugged job of scraper loading. 

Every design detail has been thrashed out, 
in service, to give real “bug-free” operation. 
For example: 


Extra wide sheave wheels reduce rope wear. 


Quick-opening snatch blocks allow fast, 
easy rope changes. 


Large throat apaeiogs and flared side 
plates will actually pass knots tied in wire 
rope. 

Sealed-for-life bearings are watertight, 
dust-tight, and require no lubrication. 


Tough alloy steel is used for side covers, 
wheels, hooks, eyelets and clevises. 


» All steel construction—can be picked up 
by magnets if lost in a load. 


A Joy Sheave Block is a stout, durable piece of 
equipment that requires practically no atten- 
tion. It’s just the ticket for hard-to-reach-to- 
service jobs. @ Get the full story today—write 
for Bulletin 76-D. Joy Manufacturing Company, 
Oliver Building, Pittsburgh 22, Pa, In Canada: Joy 
Manufacturing Company (Canada) Limited, 
Galt, Ontario, 


QUICK-OPENING SNATCH BLOCK CONSTRUCT A 
Opened Block in pin WORLD'S LARGEST MANUFACTURER OF 
ing milled slot, Pin lace, locking key in in place, key in 
Open” position. “Jocked" position. UNDERGROUND MINING EQUIPMENT 


weo 
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Crushing Plant Prepares Garfield Slag 
For Railroad Ballast 


A modern slag crushing and screen- 
ing unit has been installed at the 
edge of the slag dump at American 
Smelting & Refining Co.’s Garfield 
Smelter to facilitate treatment of 
slag, found extremely useful as bal- 
last on western railroad grades. 

Slag has become popular as ballast 
because of its excellent drainage 
characteristics which lead to longer 
tie life. It also provides a more 
rigid roadbed than other materials. 
It has led to a brand new activity 
at Garfield. Some 30 million tons of 
slag are already in the dump, with 
monthly additions of 50,000 tons 
adding up to what appears to be an 
inexhaustible supply. 

The crushing and screening unit 
was installed by Utah Sand and 
Gravel Co., independent contractors. 
Asareo granted additional right-of- 
way for the slag treatment plant and 
necessary service spurs to the West- 
ern Pacific Railroad. Western Pacific 
is the present ultimate purchaser of 
the slag which is used for an exten- 
sive modernization program. The 
slag is employed for ballast on the 
main line. 

Dumping of the molten slag takes 
place around a major part of the 
dump’s roughly circular periphery. 
The treatment plant had to be lo- 
cated where future dumping would 
not take place. A means for remov- 
ing the solid slag from the interior 


Jaw and cone crushers are used to reduce slag to usable size. The two-step procedure 
minimizes fines production, a byproduct with only a limited use. Screens remove under- 


size and fines from the finished product. 


of the dump had to be provided 
without interfering with present 
haulage or undermining existing 
trackage and other facilities. 

Slag is partially broken up with 
a modern scarifier and bulldozed to 


Ballast is loaded on gondola cars for use by Western Pacific Railroad in its extensive 
modernization program. Rights of way were granted to Western Pacific by Asarco to 


facilitate slag transportation. 


a loading point where a_ shuttle 
feeder places it on a conveyor belt 
The conveyor transports it under 
the slag haulage track to the crush- 
ing and screening plant. A jaw 
crusher and a cone crusher give the 
desired size reduction. 

The two-step process for size re- 
duction minimizes the production of 
fines, a limited-use byproduct. Slag 
is water-treated before crushing to 
eliminate dusting during prepara- 
tion and loading. Vibrating screens 
remove undersize from the crusher 
feeds as well as fines from the 
finished product. The prepared bal- 
last is —1% + % in. in size, The —% 
size is being stockpiled at present, 
but there is hope that someday it 
may be used for road surfacing and 
concrete aggregate. 

The finished product is lowered to 
the loading level by means of a rock 
ladder. The rock ladder is an en- 
closed tower with projecting shelves 
alternating on opposite sides, pre- 
venting material falling far enough 
to create further reduction. Present 
capacity of the plant is 240 tons of 
prepared slag per hr. The plant is 
operated five days per week. 

Slag is eventually loaded into 
Western Pacific Railroad gondola 
cars for transportation to points of 
use. Western Pacific and Asarco have 
both benefited from development of 
this new byproduct. 
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LUBRICANT 


—says WESTERN AUTO 
TRANSPORTS, INC. 


“Operating over 200 tractors and 

200 trailers from Detroit to the 
West Coast, we encounter temper- 
atures from 120° above across the desert 
to 40° below in the mountains of 
Colorado. We have found that with 
LUBRIPLATE our wheel bearing pack- 
ing mileage has tripled. Since using 
Lubriplate A.P.G.-90 in our transmis- 
sions and differentials, we are getting 
oan the mileage between their over- 

auls.”” 


For nearest LUBRIPLATE distributor, 
see Classified Telephone Directory. 
Send for free 56-page ‘‘LUBRIPLATE 
DaTA Book”... a valuable treatise on 
lubrication. Write LUBRIPLATE DIvI- 
SION, Fiske Brothers Refining Co., 
Newark 5, N. J. or Toledo 5, Ohio. 


REGARDLESS OF THE SIZE 
AND TYPE OF YOUR MACHIN- 
ery LUBRIPLATE 
LUBRICANTS WILL IMPROVE 
ITS OPERATION AND REDUCE 
MAINTENANCE COSTS. 


THE 


MODERN 


CReVENTS WEAR ano 
RROSION 


SUPER. 
LUBRICATION 
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Malay Tin Prospecting May Be Resumed Soon 


Malaya must concentrate on prospecting if its tin industry is to continue 


to produce at the current rate in the next 10 years, according to D. T. Waring, 
president, Federated Malay State Chamber of Mines. 


He said there has been no pros- 
pecting since the present emergency 
began. Mr. Waring expressed con- 
cern at the Federation Government's 
failure to make a comprehensive 
survey of the tin position as asked 
for by the Legislative Council in 
November, 1950. 

Mr. Waring reported that tin pro- 
duction during 1952 was 56,830 tons, 
329 tons below the previous year. 
Total dredge output during 1952 
showed a decline, but gravel pump 
mine production grew noticeably. 

Meanwhile, General Sir Gerald 
Templer, high commissioner for the 
Federation of Malaya, announced 
arrangements for limited resump- 
tion of tin prospecting. He informed 
company heads that the emergency 
was so much less severe that he was 
considering requests for opening 
areas for tin prospecting. 

“If the companies are prepared to 
take the chance, I am prepared to 
make some small redeployment of 
security forces to make prospecting 
possible.” 


House Group Favors 
Tungsten Buying to ‘58 

The House Committee on Interior 
and Insular Affairs reported favor- 
ably on a bill to extend for two 
years the Government purchase pro- 
gram for domestically mined tung- 
sten. 

Representative Wayne Aspinall is 
the author of the bill. The bill would 
extend authority to purchase tung- 
sten until 1958. The current law ex- 
pires in 1956. The General Services 
program runs until 1956 or until 3 
million tons of tungsten at $63 per 
short ton have been purchased. About 
230,000 tons have been bought to 
date. 


Niobium, A Curiosity 
Once, Now Invaluable 


Niobium, of little more than aca- 
demic interest in recent years, has 
suddenly become one of the primary 
objectives of U. S. geologists. They 
are searching the country for the 
hard, lustrous, steel gray metal vi- 
tal in high temperature resistant al- 
loys for jet engines. 

U.S. Geological Survey announced 
finds of rich deposits in a small area 
known as Magent Cove in central 
Arkansas. Geochemical survey of 
the area is under way. Rocks of the 
region are similar to those from 
which niobium has been extracted 
in Germany, Norway, and South 
Africa. 

Niobium was discovered in 1801 
by the British chemist Charles 
Hatchett from rock collected in Con- 
necticut. It was first named colum- 
bium. While it is a rare mineral, it 
occurs in many parts of the world. 

Titanium is usually mixed with 
niobium. Bauxite deposits are also 
known to have contained niobium. 
Tantalum has also occurred with 
niobium. This combination with 
other elements, of course, has led 
to difficulty of extraction. Colorado 
has been found to have some small 
workable niobium deposits. 


Report Algeria Ore Find 


Reports circulated in Paris tell of 
a rich iron ore deposit discovered in 
Algeria, North Africa, by Mining 
Exploration Office geologists. Re- 
serves are estimated at 600 million 
tons. Open pit methods reportedly 
will be used. 


This new Dart truck, designed for underground work, stands only 60 in. high and is 
powered by a 275 hp diesel engine. Dual controls enable the driver to nose the 
truck into a work area for mechanical loading, and then swivel his seat forward to 
drive off. Engine exhaust is rendered harmless by a scrubber. The truck weighs 
33,700 Ib and will carry almost 20 tons. 
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Iron King mine, owned by Shattuck Denn Mining Corp., and one of the West's most 
important lead-zinc producers, has been undergoing expansion. The Lorain self- 
propelled crane handles steel sheets for new thickener tanks at the mill. 


Newfoundland to Have 
Biggest Exploration 


The biggest single exploration 
program in the history of Newfound- 
land has been launched by the New- 
foundland and Labrador Corp., it 
was announced by H. C. Young, di- 
rector of mining. 

R. J. MacNeill, chief geologist, is 
in charge of the $300,000 program. 
Fourteen parties are in the field, 
nine of them in Newfoundland and 
the rest in Labrador. 

Regions under exploration are the 
southern tip of Burin Peninsula, 
Fortune Bay, and Gander River, in 
Newfoundland. There are also two 
roving parties. Groups in Labrador 
will cover the southwestern section, 
immediately south of the Labrador 
Mining & Exploration Co.'s holdings, 
and the Mealy Mountain area on the 
Lake Melville south shore. 

Other firms and the provincial De- 
partment of Mines are expected to 
send men into the field this summer. 


Kaiser, Alcoa Contract 
For Canada Aluminum 


Kaiser Aluminum & Chemical 
Sales Inc. and Aluminum Co. of 
America contracted with Aluminum 
Co. of Canada for delivery of a total 
of 786,000 tons of primary aluminum 
between 1953 and 1958. 

Alcoa will take 600,000 tors, while 
Kaiser contracted for 186,000 tons. 
Approximately 75 pct of the total is 
to be delivered from 1955 to 1958. 
Announcement of the pact came 
through Nathanael V. Davis, presi- 
dent of Aluminum Ltd., parent com- 
pany of Aluminum Co. of Canada. 

Fulfillment of the contract may 
involve “acceleration of construc- 
tion of further smelting facilities” 


at Aluminum Co. of Canada’s Kiti- 
mat development in British Colum- 
bia. Authorization has been given 
for preparation of the ground at 
Kitimat for two additional smelter 
pot rooms, with a capacity of about 
90,000 tons per year, but decision 
on actual construction of the smelt- 
ing facilities and hydro-electric gen- 
erators is being deferred. 


Penn. Railroad Dock 
At Buffalo, N. Y. Closed 


The Pennsylvania Railroad ore 
dock on the Union Canal, Buffalo, 
has been closed after two decades 
as an emergency storehouse for 
Bethlehem Steel Co. Contract be- 
tween the railroad and Erie Coal 
Dock Co., Pennsylvania operating 
company, has been terminated. 

The dock was no longer needed 
with enlargement of Bethlehem fa- 
cilities in the Lackawanna slip. 


Urge Continuation of 
RFC Smelter Operation 


Continued Government operation 
of the Reconstruction Finance Corp. 
tin smelter at Texas City, Texas, 
was urged by Representative Clark 
Thompson (D-Texas). 

Representative Thompson favors 
the idea that plants currently op- 
erated by che government be turned 
over to private enterprise. How- 
ever, in singling out the tin smelter, 
he noted that the Defense Depart- 
ment terms the operation essential 
and therefore the time for turning 
over the smelter to private interests 
is not yet here. 

Senator Harry Byrd (D-Va.) 
favors the outright abolition of the 
RFC as provided for in his bill. 


CONSTANT-WEIGHT 
FEEDER 


A regulating feeder which maintains 
a positive constant-weight feed rate 
regardless of feed size or volumetric 
variation. Bulletin 33-D-2. 


GRINDING MILL 
FEED CONTROLS 


“ELECTRIC EAR”® 


An electronic 
mill feed control 
which 
grinding mill ca- 
pacity 8 to 20%. 
Bulletin 42-2. 


increases 


HARDINGE 


COMPANY INCORPORATED 


YORE VEINS YLVAMIA 240 Asch & Ot and Works 
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Now! THE TOUGHEST 


EVER PRODUCED! 


Check the long life 
qualities offered by this 
SUPER DURABLE 


SHOT FIRING CABLE 
RESISTS SHARP EDGES 
AND 


FLAME RETARDING 
AND WATERPROOF 
NON-DECAYING 

AND NON-AGING 
HIGH STRENGTH 

AND FLEXIBILITY 
NON-CRACKING FROM 

~40°C to +80°C 

RESISTS MOST ALKALIS, 
ACIDS, OILS, GREASES 


IMMUNE TO OZONE 


‘Exclusive CHESTER nylon jacket over center core ~~ 
o., increases service life and promotes mine safety 


*» Here’s the shot firing cable you can depend on for really tough mine service. 
It’s highly durable when exposed to sunlight and ozone, withstands dragging 
nm over sharp edges and abrasives and is highly flexible. Non-cracking over a _ 
xr wide temperature range, Chester is flame retarding and waterproof-—the kind 
of cable that’s good for years of usefulness in all types of mining opera-’ 
, tions. Ask for Chester the next time you order — you'll agree, IT’S THE ; 
ha" TOUGHEST SHOT FIRING CABLE EVER MADE! p 


Call or write for complete data and samples 


te 


STER MINE-SE = NEW IMPROVED BLASTING WIRE 
installations. A flame-retarding, 


extra and tong service life. 


CHESTER CORP 


CH N E W 


MANUFACTURERS OF QUALITY WIRES AND CABLES FOR EVERY INDUSTRIAL AND COMMERCIAL APPLICATION 
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GARDNER-DENVER 
is first again! 


now it’s the | 
“Blast Hole” drill | 


designed especially 
for percussion 


deep hole drilling 
{oj 


7er 


Ring 


Sus Lever STOPPING 


Long 


tho MEW Model i’? 


A Natural Partner — with Carbide Bits and aa fee centralizer supports rod string during 
Superior Gardner-Denver Alloy Sectional Rods ‘0d changes—simplifies up-hole drilling. 
and Couplings — for Low Cost Blast Hole Drilling. Reverse rotation and locked-in shank rod enable 


operator to uncouple rods quickly and easily—using 
rmcte ht ——- na? am ves time and power from the drill and only one wrench. 


Delivers high-pressure water or air through chromium 
Superior chuck construction—1¥%" x shank 
rod locked in chuck—results in longer life for plated tube and Ring Seal Shank. 


hammer, tube, chuck, shank rod and ring seal. Lightweight aluminum alloy guide shell—reversible 
Locked-in shank rod prevents loss of rod string on for extra life. Movable cone. 

down holes. Write today for complete details. 

SINCE 1859 


GARDNER-DENVER 


Gardner-Denver Company, Quincy, Illinois 
In Canada: Gardner-Denver Company (Canada), Ltd., 
14 Curity Avenue, Toronto 13, Ontario 


THE QUALITY LEADER IN COMPRESSORS, PUMPS AND ROCK DRILLS 
FOR CONSTRUCTION, MINING, PETROLEUM AND GENERAL INDUSTRY 
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USSR ORE DEPLETION. 


HERE is at least one concrete indication that 

Soviet Russia’s two most important iron ore pro- 
ducing centers are seriously depleted. While keep- 
ing in mind Russia’s penchant for reverse propa- 
ganda, one piece of evidence indicates that Magnito- 
gorsk in the southern Urals and Krivoi Rog in the 
Ukraine have been mined to a point where lower 
grade ores are being recovered. 

An article in Pravda, Soviet newspaper, by I. P. 
Bardin, a Russian metallurgist, says that ore pres- 
ently mined must undergo an expensive enriching 
cycle before it can be used in blast furnaces. Com- 
pounding Russian metallurgical troubles is the low 
quality of coking coals. High ash and sulphur con- 
tent typifies the coal Badin talks about. Coal from 
the Ukraine, Eastern Siberia, Kazaknstan, and the 
Far East requires extensive treatment before it can 
be used, according to the article in Pravda. 

Russia is in the midst of its fifth Five Year Plan, 
started in 1951. The program provides for a 32 pct 
increase in pig iron production. If this goal is to be 
met, iron ore mining operations must be tripled, 
Badin says. This could be the usual Soviet straw 
man, set up to be knocked down by a future gain— 
paper or actual. 

Russia has rich deposits, yet untouched, but far 
from manufacturing centers. If they are to be 
utilized, a monumental capital investment may be 
needed. 


URING May the Reports to the U. S. Atomic 

Energy Commission on Nuclear Power Reactor 
Technology were released by the AEC. The reports 
contained the results of four groups of companies 
making initial investigations into the feasibility of 
electric power generated by nuclear reactors. These 
four groups were: Commonwealth Edison Co., and 
Public Service Co. of Northern Illinois; Dow Chemi- 
cal Co. and Detroit Edison Co.; Monsanto Chemical 
Co. and Union Electric Co.; Pacific Gas & Electric 
Co. and Bechtel Corp. 

The AEC, from the time it took over the atomic 
energy program in 1947, has searched ways for in- 
dustry to participate in development of nuclear 
fission. In 1950, Charles A. Thomas of Monsanto 
Chemical Co. proposed “that industry might with its 
own capital design, construct and operate nuclear 
reactors for production of plutonium and power.” 
The AEC was interested. 

Dow Chemical Co. made a similar proposal soon 
afterward. While considering the proposals, the 
Commission asked other concerns to offer sugges- 
tions. By the summer of 1951 the AEC had arranged 
for the four groups of two firms each to make at 
their own expense initial surveys of reactor tech- 
nology. 

The groups were to determine the engineering 
practicality of their designing, constructing, and op- 
erating dual-purpose reactors to produce fissionable 
material and power; examine the economic and 
technical aspects of building such reactors within 
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the next few years; determine the research and de- 
velopment required; and submit recommendations 
as to industry’s part in designing, building and 
operating such reactors. 

The companies had available to them pertinent 
material on reactor technology. Study group per- 
sonnel were allowed to consult with Commission 
and contractor scientists and engineers on classified 
and unclassified information. Twelve months were 
allotted to the studies. Of course, the reports con- 
tained restricted data. Restricted data condensed 
versions of the reports were distributed in October 
1952. The group entered into the work with the 
knowledge that declassified versions of the work 
would probably be made public. 

Because one of the objects of the study was to 
determine designs for reactors which might be con- 
structed within the near future the companies for 
the most part were conservative in their concepts, 
stuck to “components of proved design, and condi- 
tions reasonably certain of early fulfillment.” 

The four groups were in agreement in the belief 
that dual purpose reactors are technically possible 
and could be operated in such a way that plutonium 
credit would reduce power cost. They also agreed 
that no reactor could be built in the near future 
which would be economic for power generation 
alone. 

Commonwealth Edison Co. and Public Service Co. 
concluded that the heavy water reactor concept 
holds the best economic promise. However, import- 
ant uncertainties in the shape of availability and 
cost of heavy water and practicality and cost of a 
chemical plant to process fuel elements enter into 
their thinking. A significant advantage may be had 
in the use of light water for moderator and coolant 
if sufficiently enriched uranium is available. Depend- 
ability of supply and cost of enriched fuel are un- 
certainties which may have to be resolved. 

It is suggested that a gas-cooled reactor could 
provide a substantial start in atomic power with 
minimum interference with production reactors now 
under construction or in the planning stage. Fuel 
elements should be cheaper than some used in pro- 
duction reactors and they can be processed in exist- 
ing chemical plants. Both reactor designs described 
in the report are considered feasible. 

The Dow Chemical-Detroit Edison study reported 
that three changes were considered in conventional 
heavy water design. The first modification is a means 
for increasing the fuel and coolant temperatures of 
the reactor for practical power production by the 
use of liquid-metal coolants. Another change was 
development of a new type of metallurgical separa- 
tions process. Another alteration was modification 
of the fuel system of the reactor to allow for closer 
integration with the separativnms process. The report 
states: These changes should be capable of incorpo- 
ration in the heavy-water or graphite reactors, but 
the time and expense involved are considered to be 
as great as that required to develop the fast breeder 
reactor with its low cost and virtually unlimited 
availability of fuel. 

Monsanto Chemical Co. and Union Electric Co. 
began their investigations with the Hanford type 
reactor with the understanding that certain modi- 
fications would have to be made in order to convert 
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THE BRIDGE SOFT COAL FUTURE 


SAFETY 


the heat produced into commercially saleable power. 
Certain advantages were revealed for sodium as a 
high temperature coolant. Sodium-potassium eutec- 
tic, however, had the advantage over sodium of a 
lower melting point and thus a lower possible inlet 
temperature with a higher possible heat pickup. 

Cost of reactor-produced electric power was found 
close to that from a modern coal-burning plant. It 
costs more to absorb heat by making steam accept- 
able for a turbogenerator than to dump the heat into 
a river. Also, the short five year amortization period 
assigned to reactor and power plants raises depre- 
ciation charges to a level, when combined with other 
cost increases, that offsets savings in fuel. 

Pacific Gas & Electric Co. and Bechtel reported 
estimated costs for a 106.2-megawatt water-cooled 
thermal reactor at $41 million and for a 154.6- 
megawatt sodium-cooled fast reactor at $51 million. 
Total estimated yearly operating cost for the water- 
cooled reactor is figured at $1,580,000 and for the 
sodium-cooled reactor at $1,520,000. 

North American Aviation Inc., in the meanwhile, 
disclosed a design for a 8000 kw pilot plant to fur- 
nish information and engineering data. North Amer- 
ican states that the pilot plant would take about 
two years to build and would furnish data to con- 
struct a 150,000 to 250,000 kw plant for about $300 
per kw compared with $200 per kw for a coal plant. 


HE Brooklyn Bridge! Who hasn't heard of it? 

No matter where one travels on this earth, there 
is sure to be someone who knows of it. Poets, novel- 
ists, and painters without number have rhapsodized 
over its dignity, majesty, beauty, and grace. It was 
New York City’s first link with the fabulous land of 
the Brooklyns, built during the era of gas lights and 
buggies, and when Queen Victoria reigned over the 
British Empire. Last May 24 the Brooklyn Bridge 
was 70 years old. In recent years once in a great 
while a horse and wagon could be seen plodding 
across the span amidst the mass of 20th century 
speed racing across in either direction. Today, the 
old girl is getting a facial, a new set of stays, and a 
general rejuvenation. 

When John A. Roebling built the bridge, he had 
to create the design, form a manufacturing firm to 
make the cable, and then act as engineer, foreman, 
and do whatever else was needed to get the job 
done. John A. Roebling’s Sons Inc., now a subsid- 
iary of Colorado Fuel & Iron Corp., is still building 
bridges in every corner of the globe. 

The Brooklyn Bridge was the first suspension 
bridge to use steel wire rope, invented by Mr. 
Roebling. Engineers recently declared the gal- 
vanized steel cables supporting the bridge to be in 
perfect condition. It was decided to modernize the 
bridge and when it is reopened at the end of the 
year it will have two three-lane highways to handle 
the tremendous traffic going over it daily. There 
will also be a bronze tablet commemorating the 
woman who made the bridge possible—Mrs. Emily 


nendd 


Warren Roebling. She fought by her husband's side, 
beating back political opposition until the bridge 
was finished. 

When the Bridge was first opened to traffic in 1883 
rumor spread like wildfire that it was unsafe—that 
it would fall into the East River. It seems the Lady 
will be around for a long time yet. 


OME Pennsylvania soft coal mine operators see 

no hope for the small mine in the next five years. 
When the Ford Collieries Co. closed in the Allegheny 
Valley, it brought to 15 the number of mines closed 
within the last 18 months. Mounting costs, decreas- 
ing markets, competition, and other economic factors 
are blamed for the closing. One operator put it this 
way: 

“Conditions will get worse in the next five years. 
The day of the small nonmechanized mine is draw- 
ing to a close. They cannot compete with the large 
commercial operations. These, along with mines 
operated by steel companies which consume their 
own output, will hold the field. What the future 
holds cannot be predicted but there is no immediate 
relief in sight to bring business back to coal.” 

Would mechanization help? Perhaps, but one of 
the basic troubles with small mines today is that 
operators can’t afford to mechanize. Can anything 
be done? John P. Busarello, president of the United 
Mine Workers District 5, states that two mines near- 
ing the shutdown stage were saved when a plan was 
contrived by union and management to boost pro- 
ductivity per man, making operating costs lower. 

But a combination of causes seems aligned against 
the western Pennsylvania coal operators. They 
claim competition of heavy imports of cheap foreign 
oil waste, which is supplanting steam coal as an East 
Coast industrial fuel, is one item. Western Pennsyl- 
vania operators point out that their operating costs 
are higher than those of West Virginia. Nonunion 
production in several Ohio and Kentucky pit and 
strip mines is also cutting into western Pennsylvania 
markets. These factors, combined with railroads 
switching to diesel power, UMW Welfare Fund, and 
depletion of strip operations, are blamed by many 
operators for the current situation. 


“DON’T TOUCH A BLASTING CAP” is the 
warning on posters to be displayed in 41,000 U. S. 
post offices as the Post Office Department and the 
U. S. Bureau of Mines join forces in the summer 
safety campaign. Posters show four types of blast- 
ing caps and warn youngsters not to touch them. 
“Tell a policeman about it.” Summer is probably 
the most acute time for this kind of danger. Because 
summer is a peak construction season, more blasting 
caps are used and thus more likely to be found when 
carelessly discarded. 
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Stop That Tramp 


with STEARNS ELECTRO-MAGNETIC PULLEYS 


A Stearns Electro-Magnetic Pulley protects your crushing equipment by removing 
all tramp iron automatically — economically. Reduce shut-down time and keep your 
repair charges LOW — install a Stearns Electro-Magnetic Pulley. It is the only 
economical and effective insurance against the tramp iron hazard. 


Whether your problem is the removal of tramp iron or the concentration and ben- 
eficiation of complex ores, Stearns has EXPERIENCED ENGINEERED equipment to 
meet your specifications. 


For a thorough investigation of your separa- 
tion problem, Stearns offers complete labora- 
tory research facilities. Write today for details 
on testing of sample material. 


STEARNS STEARNS 
t-Magnetic Pulley 


Suspended Rectangular 
Separation Magnet. 


MAGNETIC EQUIPMENT FOR ALL INDUSTRY 1006 


STEARNS MAGNETS 


STEARNS MAGNETIC, INC. 
679 South 28th St., Milwaukee 46, Wis. 
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NOTED Prospector Passes—Stories of the griz- 
zled old prospector that discovered what turned 
out to be a famous and highly profitable mine, only 
to die in poverty through the shenanigans of “the 


Interests,” are legion. It is pleasant, therefore, to 
be able to report that the discoverer of one of Can- 
ada’s most famous mines was more fortunate. 

E. H. Horne staked the original claims of what is 
now the property of Noranda Mines, in northwest- 
ern Quebec, in September 1922. He was grubstaked 
by what was known as the Lake Tremoy Syndicate, 
in which he and his fellow prospector had a 20 pct 
interest. Ed Horne was a Nova Scotia farm boy who 
became a wiry, rawboned prospector, roaming the 
wilds of North America from Labrador to Nevada 
and California and north to the Yukon looking for 
gold. At the age of 60 he hit the jackpot—not gold 
but copper. He sold his interest for a reputed $280,- 
000, married, and returned to his native Enfield, 
Nova Scotia. There he raised one of the finest 
Hereford dairy herds in Canada. On March 15 last 
he died, at the age of 87.—E.H.R. 


N page 446 of the May, 1953 issue of MINING 
ENGINEERING, we published a letter from a col- 
league in Korea. Responding to this letter and per- 
sonal correspondence, we received the following 
from him dated April 25. At that time it caused 
considerable stir among those that read it. Here it 


is: 
Dear Mr. C. M. Cooley: 


It was very pleasant to read your kind answer 
dated Feb. 10, and I am obliged for having caused 
you the trouble of publishing my poor letter in 
your magazine, and to have promised that you 
would make efforts to get books for me. May I ask 
you to send me the volume in which the letter is 
published? 

You see, the cease-fire council has been held be- 
tween U.N. and the Reds nearly two years in Korea, 
and recently it showed activity through exchange 
of sick POWs. You may, however, be astonished to 
hear that we Koreans have a bitter opposition to it, 
because the truce without national unity is so dis- 
honorable for us. We hope the day will soon come 
when our national unity is completed under the 
democratic policy. 

South Korea has more than fifty colleges, but 
only four or so have a mining and metallurgical 
course. I am sorry none of them has a laboratory 
to deserve the name. I think it is my duty to im- 
port your recently developed technics on mining and 
metallurgy, teach them to our students and con- 
tribute to the mining industry in Korea. 

I am very glad to have found a good leader, and 
hope you will guide me forever. Please let me 
hear the news on modern development in milling. 

Hoping that you are still enjoying good health. 


Yours respectfully, 
Kang Moon Lee 


OREVER Is a Long, Long Time—Looking back 

through some of the old records of the AIME 
recently, we came across a resolution of the Board 
of Directors at their Meeting on April 26, 1918. 
Feeling against enemy aliens was much greater at 
that time than at any time during World War II, 
we believe. The resolution passed by the Board 
reads as follows: “That all Honorary Members, 
Members, Associates, and Junior Associates who are 
Enemy Aliens be dropped from membership in the 
American Institute of Mining Engineers and their 
names be stricken from the rolls, forever.” 

Among the casualties of this Resolution were 
three Honorary Members: Richard Beck and H. C. 
Emil Schroeter, of Germany, and Hans Hoefer, of 
Austria. Their names never again appeared in In- 
stitute Directories, either as current or deceased 
Honorary Members. When World War II broke, the 
Institute had no Honorary Members in enemy 
countries, nor have any been elected since.—E£.H.R. 


NDY Anderson, hard-rock miner who is walk- 

ing his burro, Bosco, from Los Angeles to Fair- 
play, Colo., recently passed through New Mexico, 
according to the New Mexico Miner. Miner and 
burro are advertising the fifth annual running of 
the Rocky Mountain Pack Burro Race, August 2. 
Participants face a monumental task, and the words 
“race” and “running” are used advisedly, the west- 
ern pack burro being basically conservative. 

Contestants must push over 13,000-ft Mosquito 
Pass on the route leading from Leadville east up 
past the Ibex mine, following the old Mosquito Pass 
road over the range, dropping down past the Lon- 
don mine on the eastern slope and into Fairplay. 
Mosquito Pass is passable now only to burro and 
Jeep, but in the 1880's it was the regular route for 
the Alma to Leadville stagecoach. 

Bosco, like the other entrants, will carry a stand- 
ard prospector’s pack which must include pick and 
pan. Time for the 16-mile up-down route is 
amazingly short, about 4 hr 15 min in previous 
races. Having been in the district when the first 
three races were held, we were surprised and 
pleased to see how far this event had gone, because 
at the inception the burro race was purely a local 
affair. 


ROM the Journal of Commerce, a story with or 

without a moral: “The grizzly bear was down in 
the canyon behind a tree,” the old prospector was 
saying. “The only way I could hit him was to 
ricochet a bullet off the high canyon wall on my 
right. Well, I gauged my windage, calculated the 
lead of the barrel and the rate of the twist, the 
hardness of the bullet and the angle of the yaw it 
would have after being smacked out of shape 
against the canyon wall. Then I fired.” His listener 
asked: “Did you hit him?” 

“No,” said the old timer, “I missed the wall.” 


Charles TH. Cooley 
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After Two Centuries of Mining 


Recent changes at Cornwall are 
highlighted by development of a 
panel caving method, with slushing 
drifts, for underground practice as 
open pit operation nears close. Met- 
allurgy keeps the pace with high re- 
covery from increasing amounts of 
harder to liberate, higher sulphide 
content, underground ore. 


Cornwall Keeps Its Methods Up-to-Date 


INCE 1742 the first iron orebody at Cornwall, Pa., 
has been mined continuously. The mine supplied 
ore to the charcoal furnaces which made cannon and 
ammunition for General George Washington and his 
Continental Army during the American Revolution. 
The original Cornwall charcoal furnace, built in 
1742, is still in excellent repair and is now a State 
owned museum. 

Located in Lebanon County, 6 miles south of Leb- 
anon, Pa., the mines are operated by the Bethlehem 
Cornwall Corp., a Bethlehem Steel Co. subsidiary. 
Two major lenticular orebodies, about 3000 ft apart, 
are being mined. The first known orebody has been 
mined by open pit methods from the earliest days, 
and lower portion of the orebody, not recoverable 
by open pit methods, is served by the No. 3 inclined 
shaft. The second orebody, or No. 4 mine, which lies 
entirely underground, was discovered in the early 
1920's, although ore requirements did not necessitate 
bringing it into full scale production until 1938. 

Magnetite deposition at Cornwall is presumed to 
have resulted from contact replacement of Paleozoic 
limestone by high iron bearing solutions associated 
in some manner with late Triassic intrusion of dia- 
base trap rock. The formations have a general east- 
west trend and dip to the south with a footwall of 
trap rock and capping of slate, conglomerate, quarz- 
tite, or limestone. The ore, containing about 42 pct 
magnetic iron, also carries important recoverable by- 
products of chalcopyrite which bears a small amount 
of gold and silver, and pyrite containing 1.25 pct 
cobalt. It is believed that unti! recently.Cornwall 
was the only source of cobalt in the U. S. 

Open Pit Operations 

In the early years of the pit ore was transported 
by wheelbarrows, and later, by horse drawn carts, 
to the neighboring charcoal furnaces. As the pit be- 
came deeper and the demand for iron ore greater, 
steam shovels and steam locomotives were used. 


S. J. SHALE is Manager, Bethlehem Cornwall Corp. 


670—MINING ENGINEERING, JULY 1953 


by S. J 


Shale 


Railroad pit haulage was in turn replaced by truck 
haulage in 1944, because of depth of operation and 
attendant steep grades. 

Mining is accomplished by breaking an 18-ft bench 
along the pit bottom. Churn drills were used for 
blast hole drilling until 1949, but since then only 
wagon drills have been used. Tungsten carbide bits 
are used exclusively, averaging about 2900 ft per 
bit with drilling rates of 2 to 3 fpm in ore. Blasting 
is done electrically, with about 65 lb of dynamite per 
hole. About 3 tons of ore are broken per lb of 
explosives used. 

Broken ore is loaded by two electric shovels into 
30-ton capacity, side-dump trucks which transport 
ore to the primary crusher, located within the pit, 
where the tandem 10-wheel trucks are dumped by 
a stationary crane. All six of the 200-hp trucks have 
hauled over a million tons each. 

A primary 56x72-in. jaw crusher reduces ore to 

12 in. Crushed ore is hoisted in two 12-ton capacity 
skips, operating in balance, to the secondary crush- 
ing plant located on the surface, where a series of 
roll crushers reduce the ore to —1%% in. 

Average daily tonnage in 1951 was 2960 tons per 
day on a single shift basis. 


No. 3 Mine 
No. 3 shaft was sunk beneath the west end of the 
open pit to mine ore not economically recoverable 
by open pit methods. The inclined shaft, completed 
in 1922, was sunk 1600 ft in the footwall, at an 
average dip of 26°, and about 100 ft below the ore 


in the trap rock. 


Underground mining started at the lower ex- 
tremity of the orebody and progressed up-dip, utiliz- 
ing shrinkage stoping. Stopes were drawn through 
a system of breaking subs, grizzlies, and transfer 
raises. Operations were suspended in 1941 to pre- 
vent interference with open pit operations. Recently, 
with open pit operations nearing completion, the 
mine was reopened and is being developed for panel 
caving, a method worked out at No. 4 mine, and the 
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Looking east into Cornwall open pit, continuously mined 
for 211 years. 


one that has proved best for Cornwall ores. Upon 
completion of the open pit in 1953 No. 3 mine will 
go into full production at about 2500 tons per day. 


No. 4 Mine 

The orebody has the shape of a giant lima bean. 
In plan view it is 2000 ft wide; in section it is 235 ft 
thick at the middle and pinches out at the extremities. 
Lying within 150 ft of the surface, it dips south at 
30° to a depth of 1200 ft. 

No. 4 mine is served by the No. 4 and No. 5 in- 
clined shafts. About 220 ft apart, the shafts were 
sunk on a catenary curve in the trap rock footwall 
about 100 ft below the ore-trap contact. The slope 
at the collar is 36°, flattening to 26° at the bottom. 
No. 4 shaft, used for hoisting ore and rock, is equipped 
with an 11-ft diam, cylindrical, 2-drum hoist using 
1'%-in. cables and operating at 1200 fpm. No. 5 
shaft, used for handling men and supplies, is equipped 
with a 6-ft diam, cylindrical, 2-drum hoist using 
1',-in. cables and hoisting at 600 fpm for men. Each 
shaft is 7x20 ft with three compartments, two skip- 
ways and a manway. 

Shaft sinking started in November 1924, and by 
1926 No. 4 was sunk 1470 ft along the incline, or 
800 ft vertically. Drifts at the 300, 500, and 700-ft 
levels were driven from No. 4 to the No. 5 shaft 
location, and the No. 5 shaft was excavated by 
driving pilot raises simultaneously between the three 
levels and the surface. These raises were subse- 
quently enlarged to 7x20 ft and supported with steel 
and concrete. In 1947 shaft sinking was resumed, 
and both shafts completed in 1948 to a vertical depth 
of 1225 ft. 

Since accurate ore-footwall information is vital in 
the location of the development openings, explora- 
tion drifts on alternate levels are driven in ore 50 ft 
above the footwall contact, along the strike, to the 
extremities of the orebody. Footwall and hanging 


wall information is obtained by diamond drilling the 
exploration drifts with a series of radial holes, in 
a plane at right angles to the strike, on 100 ft co- 
ordinates. 

Until 1931, when the mine was closed due to the 
depression, development was patterned after the 
method used at No. 3 mine. At No. 3 mine, shrink- 
age stopes were mined over a row of bells (or mills), 
between haulage levels and from footwall to hang- 
ing wall. Two shrinkage stopes 13 ft wide with a 
7-ft pillar between were mined simultaneously with 
one stope well ahead of the other. As the lower stope 
advanced, the pillar was drilled and blasted. Ore 
was drawn out through a system of breaking subs, 
grizzlies and transfer raises. 

When No. 4 mine was reopened in 1937, it was 
decided to try a block caving method of mining in- 
stead of the shrinkage stope and pillar method. 
However, the system of breaking subs, grizzlies and 
transfer raises was retained. This is shown for the 
250 and 300-ft levels in the diagram below. 

Belling commenced at the east end of the orebody 
and retreated toward the shaft to undercut an area 
170x415 ft. This panel of ore was previously cut off 
on three sides by shrinkage stopes. The area was 
drawn nearly empty without any noticeable caving 
of the hanging wall. Many large ore chunks were 
encountered over the bells because of the lack of 
hanging wall pressure and breaking these chunks 
required a great deal of secondary blasting. The 
largest chunk encountered was approximately 70-ft 
diam and weighed about 20,000 tons. A raise with 
drifts was driven in the chunk and 800 blast holes 
were drilled from the drift to break the chunk. 

At this time it was decided to put down 6-in. well 
drill holes from the surface into the hanging wall 
to induce caving of the hanging wall rock. It was 
feared that if a larger area was undercut and caving 
followed, a damaging air blast might be produced. 
Two holes were drilled to within 15 ft of the hang- 
ing wall. These holes were blasted without any 
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Block caving, with breaking subs, grizzlies and transfer 
raises is shown on 250 and 300-ft levels. The 400 level uses 
new system with slusher drifts. 
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apparent effect on a Saturday. The following Tues- 
day morning, the back started working and inter- 
mittent falls of rock were heard during the day. 
Subsidence to surface was noted at 11 pm. There 
has been no difficulty encountered with the caving 
action since that time. 

Greatest single weakness of the breaking sub 
method is the intricate raise system which honey- 
combs the trap rock just below the breaking subs. 
Since the blocky trap rock will not stand wear or 
pressure, much trouble was encountered in main- 
taining the raise system. Therefore, later in 1937, 
it was decided to develop future levels for panel 
caving, using slushing drifts instead of breaking 
subs. The following anticipated advantages have 
been realized: 


1—Easier draw point maintenance. 

2—Faster and cheaper development. 

3—More flexible operation. 

4—Safer working conditions. 

5—Slushing drifts driven in the trap rock foot- 
wall parallel to the contact maintain draw points at 
a desirable distance below ore contact. 

The only disadvantage is that water coming in 
one or two bells can wet all the ore drawn through 
a particular slushing drift. However, as ore draw 
retreats, a major portion of the water is left behind 
in the emptied area. 

A panel of ore (one complete level) approximately 
150x2000 ft is developed in the following manner: 
A cross-cut is driven from the shaft to the pre- 
determined location of the haulage drift. The cross- 
cut is 100 ft below the contact at the shaft and it is 
driven toward the orebody until it is only 30 ft 
below the contact. 

The haulage drift is driven parallel to the strike 
in the trap rock footwall to the extremities of the 
orebody, always keeping 25 to 35 ft below the con- 
tact. The grade in favor of the load is % pct. A 
3-machine hydro-jumbo, mounting 3% in. drifters 
with 4-ft feed, is used for driving haulage drifts. 
Tungsten carbide detachable bits are used exclu- 
sively, drilling 9 to 13 in. per min in trap. 

Muck is handled by a pneumatic shovel loading 
a conveyor belt which discharges into mine cars. The 
8-ft deep drift round is 9x9 ft with an arched top 
and a 3-man crew can muck out, drill, and blast a 
round each shift. 

The drift is lined with concrete, which is always 
placed before any further development is started, 
because the trap rock is blocky and must be sup- 
ported as soon as possible. After concreting, the 
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PLAN of workings used in cav- 
ing with slushing drifts. De- 
velopment is carried forward 
from east end of orebody, pro- 
gressing toward shaft. 
Haulage ways are concreted. 


arched top haulage drift is 8 ft wide, by 7 ft 6 in. 
high and has 30-in. gage track using 60-lb rail. 

Development work starts at the east end of the 
orebody and progresses toward the shaft. Slushing 
drifts on 40-ft centers are driven above and normal 
to the haulage drift, parallel to the contact, main- 
taining as closely as possible an average distance of 
35 ft between the floor of the drift and the contact. 
Average grade is 25 pct with maximum safe work- 
ing grade of 35 pct. Slushing drifts are about 150 ft 
long, and break through into the haulage level above, 
providing good ventilation for secondary blasting. 

The arched top slushing drift is driven 8x8 ft, with 
two drifters mounted on one column, using tungsten 
carbide detachable bits. Two shifts are required for 
the complete cycle of each round. 

The slushing drift is lined with concrete after it 
is completely driven. Finger openings, 3 ft 6 in. x 
4 ft 6 in. on 20-ft centers, are formed in the concrete 
on both sides of the drift. The finished drift is 6x7 ft 
with an arched top and has six or eight finger open- 
ings on each side. 

Finger raises are driven vertically through the 
footwall, and one round into the ore. Average finger 
height is 35 ft but varies according to irregularities 
in the dip of the footwall contact. Raises are 10 ft 
from the center of the slushing drift. 

A manway drift connecting the tops of the finger 
raises is driven in ore on each side of the slushing 
drift, starting at the front finger and progressing 
up-dip parallel to the slushing drift, and connected 
at the upper end. The drift round is drilled with a 
hand-held jackhammer and single-use bits. 

Reference to the diagram shows the procedure for 
cutting off the panel of ore being developed. The 
front fingers of several slushing drifts are enlarged 
to bells and an east-west shrinkage stope is mined. 
The stope is 6 ft wide and may extend to the hanging 
wall if the ore is thin, but rarely exceeds 60 ft height. 
The panel of ore has already been cut off on the 
north by the mined out area and on the east by an 
open stope or another shrinkage stope. 

After the east-west shrink is complete, all the 
other fingers are enlarged to bells. This work pro- 
ceeds up-dip by belling pairs of fingers in each drift. 
The bell is worked on a shrink method. Rows of 
holes are drilled around the raise, fanning upward 
and outward and are blasted. Broken rock is left in 
the raise and entrance is gained by using the man- 
ways in ore and entering through the top. Enough 
broken rock is drawn after each shot to maintain a 
floor suitable for drilling up-holes with a stoper. 
The holes are fanned out in each succeeding round, 
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Undercut area at top of bells in caving method. 


so the finished diameter at the top of the bell is 20 ft. 

The pillar, which would remain between adjacent 
bells, is removed by drilling long holes and blasting 
it with the last round of the bell. About 17 man- 
shifts are required to complete one bell. 

The ore, which has been cut off on three sides and 
is being undercut with bells, forms a cantilever. As 
the length of undercut on a new level approaches 
240 ft, drawing can be started and the cantilever 
effect will cause the ore to continue caving. Develop- 
ment continues across the entire orebody, but at 
least 80 ft is maintained between the area being 
drawn and the area being belled. The hanging wall 
caves readily to the surface on about 65° plane. 

Ore drawing usually starts as soon as 240 ft of 
a new level is developed. Each slushing drift in 
production has a 2-man crew who draw the fingers 
and scrape the ore into the cars. A 50 hp, double 
drum, electric hoist with a %4-in. pull rope and a 
5g-in. return rope pulls a 54-in. semi-box type 
scraper. Frequent blasting is necessary to break 
chunks that block the finger openings. One third of 
all the dynamite used underground is consumed by 
secondary blasting, amounting to 0.14 pounds of 
explosive per ton of ore mined. 

The tonnage of ore available at each finger has 
been previously calculated from exploration drilling 
data. A draw control engineer determines which 
fingers are to be drawn and how much ore is to be 
drawn from each finger during each shift. Accurate 
daily records enable the engineer to maintain the 
desired angle of 45° between the plane of the broken 
ore and the caved hanging wall. This minimizes 
funneling with subsequent dilution of the ore by 


RIGHT: Troublesome branch raises are eliminated by 90-ft 
scraping trench serving three levels. Ore is delivered to 
measuring hoppers by 125-hp hoist pulling a 72-in. scraper. 


HANGING WALL 
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Close control of tonnage drawn from fingers permits engineers to maintain 45° angle between ore and caved hanging woll. 
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hanging wall rock. It also eliminates the possibility 
that some ore may not be recovered because the 
capping rock has worked underneath and cut it off. 

Two levels of the mine are always in full produc- 
tion with a third level nearing completion. Three or 
four slushing drifts are usually being drawn on each 
shift on each level. Production from each slushing 
drift will average 150 net tons per shift or 600 net 
tons per level per shift. During 1951, No. 4 mine 
operated 306 days and averaged 4384 net tons per 
day after cobbing, equivalent to 12.1 tons per man- 
shift for the entire force, surface and underground. 

Open stoping is used to mine that portion of the 
ore in the fringe areas where the ore is less than 
30 ft thick, since caving is not economical in this 
thin ore. In the east edge of the orebody where 
the footwall and hanging wall converge, pinching 
out the ore, a good stope roof is encountered. Stopes 
up to 200x80 ft have been mined without supporting 
the roof. However, in the west edge of the orebody 
where the ore is pinched out by limestone wedges, 
a poor roof results. Roof bolting in this area has 
proved satisfactory. 

As pointed out previously, all haulage drifts and 
slushing drifts are supported by concrete. Until 1945 
timber was used for support but the use of concrete 
has proven to be more economical and safer. Ready 
mixed concrete is blown with a % cu yd pneumatic 
placer from the surface through a 6-in. pipe directly 
to the forms. Concrete has been blown successfully 
as far as 2700 ft. The record blow is 92 cu yd in 
8 hr. The steel form is collapsible and supported by 
travelers riding on the haulage track. Four 5-ft 
sections of form are used for each pour. A 20-ft 
section of haulage drift requires about 30 cu yd of 
concrete or 1.5 cu yd per lineal foot of drift with 
maximum concrete 12 in. on top and 9 in. on sides. 

Much of the mine water comes out of the fingers 
in the area when the ore is being drawn. Normal 
amounts of wet muck washed down with this water 
can be held back by the scraper. For this reason the 
scraper is left at the lower end of the slushing drift 
when no car is under the chute. Occasionally water 
is dammed in the fingers by fine ore and when these 
fingers are drawn a rush of wet sloppy ore flows 
down the slushing drift. Sometimes it will work 
over the scraper into the haulage drift where it must 
be mucked up with a pneumatic shovel loader that 
also cleans up normal spillage in the drift. 

Each level in production has one train crew, a 
motorman and a trammer. A train consists of five 
90-cu ft, side-dump, cars pulled by a 4-ton trolley 
locomotive. When a level starts production, haulage 
distance is a maximum of 1800 ft. As mining pro- 
gresses toward the shaft this distance decreases. The 
ore is hauled to a transfer raise where a pneumatic 
cylinder is used to dump the cars. Transfer raises 
from three levels feed into the same loading pocket. 

Two methods for loading hoisting shaft skips are 
in use. Both methods use measuring hoppers from 
which the measured load of ore is dropped into the 
skip by an air-operated flap-gate, and the difference 
lies in the method of filling these measuring hop- 
pers. The older system has air operated arc gates 
at the bottom of a single raise, fed through concrete 
and steel lined branch raises from the three haulage 
levels above. Serious troubles were encountered with 
this system. Abrading of the rock at the points 
where the raises branched into each other presented 
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costly and dangerous problems. A hang-up in the 
lower section held up production from all three 
levels. Dislodging the hang-up often resulted in a 
rush of wet ore past the loading pocket down into 
the shaft. As a result of these problems the loading 
system was redesigned for a scraping type pocket. 

The scraping type pocket has a scraping trench 
90 ft long into which separate raises feed from each 
of the three levels above. Ore is scraped through 
the trench into the measuring hoppers by a 72-in. 
scraper, powered by a 125-hp electric hoist. With 
this system, troublesome branch raises are elim- 
inated and a hang-up in one raise affects only one 
level. If a rush of wet ore occurs, it wil! stop in 
the scraping trench without spillage into the shaft. 
Since only one third of the total ore handled in the 
pocket passes through each raise, it is apparent that 
raise maintenance will be less than encountered in 
the former system where all three fed into a single 
raise. The scraping trench system has been found 
to be superior to the previous system and all new 
loading pockets will be patterned after it, although 
some pockets will service only two levels. 

Ore and rock are hoisted in two 10-ton skips, 
hoisting in balance at a speed of 1200 fpm. Approxi- 
mately 170 skips per eight-hour shift, or 510 skips 
per day are required to maintain production. The 
skips dump into a 600-ton bin in the headframe. 

A 7-ft diam roll feeder feeds ore to a 36x72-in. 
jaw crusher which crushes to —3 in. A 48-in. con- 
veyor, traveling at 300 fpm, carries the jaw crusher 
product to the secondary plant. This conveyor has 
a magnetic head pulley which separates the ore and 
the waste rock. The waste rock, consisting of dilu- 
tion from the hanging wall and footwall develop- 
ment rock, is passed over another short conveyor 
belt which also has a magnetic head pulley to re- 
trieve any ore not picked out by the first belt. In 
1951 waste rock averaged 10.6 pct of the total ton- 
nage hoisted. 

Ore feeds onto a double deck, vibrating screen 
with 1% in. openings. Screen oversize is crushed 
-%4 in. by a 542-ft short-head cone crusher. Screen 
undersize and the cone crusher product are con- 
veyed by a 30-in. belt to the loading structure where 
ore goes directly into 75-ton railroad cars or is trans- 
ferred to the stocking tower. Active storage to 
300,000 tons can be maintained by the boom stock- 
ing conveyor which rotates through 223°. Stockpile 
ore is loaded into railroad cars by an electric shovel 
to balance mine production and concentrator demand. 

Mine water is collected in settling sumps on the 
740 ft level and the 1225 ft level. The 1225 ft level 
pumproom is equipped with three 4-stage, hori- 
zontal, centrifugal pumps each rated 780 gpm against 
a 550-ft head. These pumps discharge into the 740-ft 
level sumps. The 740-ft level pumproom has a 
pumping capacity of 1950 gpm distributed between 
three pumps which relay the water to the surface. 
All mine water above the 740-ft level is diverted 
into that sump. Sumps are cleaned periodically 
by scraping settlings directly into the shaft skips. 
Approximately 3500 tons of ore settlings are cleaned 
from the sump in a year. At the surface, mine water 
is passed through a series of three State licensed 
settling ponds, which provides further settling and 
clarification before the water leaves the property. 
A 90 to 95 pet clarification efficiency is routine with 
this system. The average daily pumping rate for 
1950 was 550 gpm with peaks up to 1000 gpm. 
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Mill section at concentrator in Lebanon. 


Ore from both underground and open pit is shipped 
in 75-ton railroad cars to the concentrator at Leb- 
anon. Here a unique flowsheet combines magnetic 
separation and flotation to recover magnetite, pyrite, 
and chalcopyrite. Present operations treat 6500 tons 
per day, producing 4000 dry tons of iron concentrate, 
75 tons of copper concentrate, and 100 tons of sul- 
phur concentrate. About 2400 tons per day of mag- 
netite is sintered locally in a Greenawalt plant, and 
the remainder goes to the Bethlehem plant where 
it is handled on Dwight-Lloyd machines. 

Pyrite concentrate is roasted to produce sulphuric 
acid at Curtis Bay, Md.; then given a chloridizing 
roast and leached to extract cobalt at the Pyrites 
Co. plant in Wilmington, Del. Residue from this 
operation produces sinter for the Sparrows Point 
steel plant. Copper concentrates are shipped to the 
International Mineral Pool, Phelps Dodge Corp., on 
Long Island. 

The schematic flowsheet shows treatment in one 
mill section, but grinding of open pit and No. 4 mine 
ore differs. Open pit ore, which constitutes 35 pct 
of feed at present, goes to one 8x16-ft rod mill 
operating in open circuit and grinding 100 tph 
through 10 mesh. Underground ore is treated in 
7 ball mills operating in closed circuit with hydraulic 
cone classifiers each grinding 25 tph through 65 mesh. 
Differences in ore character and sulphide content 
dictate variation in grinding practice. 

Cornwall ore grinds readily, does not liberate 
readily, and slimes quickly. Maximum sulphide re- 
covery, and highest iron grade must be balanced 
against fineness of material that can be sintered at 
an economical rate. Present magnetic iron recovery 
is 97 to 98 pet. 

Not only is the plant relatively unique in its flow- 
sheet for three-product recovery, but metallurgy 
must balance recovery against product size distribu- 
tion requirements. An interesting operating feature 
is use of magnetic separators as dewatering devices 
both in the mill regrind circuit and ahead of the 
filters. From an operating viewpoint the task of the 
flotation section is not an easy one. Problems of 
handling a coarse, high specific gravity, feed, and 
understandable concern with machine efficiency, led 
to design of Steffensen flotation machine here. 


Mill Feed 


Open Pit Ore Underground Ore 
(No. 4 Mine) 
42 pct Fe 40.3 pct Fe 
0.2 pet Cu 0.3 pet Cu 
1.1 pet S$ 1.3 pet S$ 
lron Concentrate 
Fe (total) 62.4 pct 
P 0.007 pct 


Flotation Products 


Chalcopyrite Concentrate Pyrite Concentrate 


pet pet 
Cu 25.0 Ss 50.0 
Ss 30.0 Fe 44.0 


Fe Co 1.27 


Tailing 
Fe (total) 7.20 pet 
Fe (magnetic) 0.30 pct 
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FLOWSHEET shows treatment of underground ore from No. 4 
mine. Numbers refer to circled figures on drawing: |—Ore is 
crushed and cobbed at mine. 2-A magnetic separator 
dewaters mill return sands. 3—Flotation froth consists of 
locked iron-copper bearing particles. 4—Sulphur, iron, and 
cobalt are recovered from pyrite. . 


Iron concentrate is sintered locally in two Green- 
awalt vacuum plants. The older one consists of six 
8x24-ft pans operating at 25 to 30 in. of water, 
vacuum, and the newer plant has two 10x30-ft pans 
operating at 40 to 45 in. of water, vacuum. Care- 
ful blending of feed is considered vital to proper 
production from the unusually fine sized concen- 
trate. 
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hanging wall rock. It also eliminates the possibility 
that some ore may not be recovered because the 
capping rock has worked underneath and cut it off. 

Two levels of the mine are always in full produc- 
tion with a third level nearing completion. Three or 
four slushing drifts are usually being drawn on each 
shift on each level. Production from each slushing 
drift will average 150 net tons per shift or 600 net 
tons per level per shift. During 1951, No. 4 mine 
operated 306 days and averaged 4384 net tons per 
day after cobbing, equivalent to 12.1 tons per man- 
shift for the entire force, surface and underground. 

Open stoping is used to mine that portion of the 
ore in the fringe areas where the ore is less than 
30 ft thick, since caving is not economical in this 
thin ore. In the east edge of the orebody where 
the footwall and hanging wall converge, pinching 
out the ore, a good stope roof is encountered. Stopes 
up to 200x80 ft have been mined without supporting 
the roof. However, in the west edge of the orebody 
where the ore is pinched out by limestone wedges, 
a poor roof results. Roof bolting in this area has 
proved satisfactory. 

As pointed out previously, all haulage drifts and 
slushing drifts are supported by concrete. Until 1945 
timber was used for support but the use of concrete 
has proven to be more economical and safer. Ready 
mixed concrete is blown with a % cu yd pneumatic 
placer from the surface through a 6-in. pipe directly 
to the forms. Concrete has been blown successfully 
as far as 2700 ft. The record blow is 92 cu yd in 
8 hr. The steel form is collapsible and supported by 
travelers riding on the haulage track. Four 5-ft 
sections of form are used for each pour. A 20-ft 
section of haulage drift requires about 30 cu yd of 
concrete or 1.5 cu yd per lineal foot of drift with 
maximum concrete 12 in. on top and 9 in. on sides. 

Much of the mine water comes out of the fingers 
in the area when the ore is being drawn. Normal 
amounts of wet muck washed down with this water 
can be held back by the scraper. For this reason the 
scraper is left at the lower end of the slushing drift 
when no car is under the chute. Occasionally water 
is dammed in the fingers by fine ore and when these 
fingers are drawn a rush of wet sloppy ore flows 
down the slushing drift. Sometimes it will work 
over the scraper into the haulage drift where it must 
be mucked up with a pneumatic shovel loader that 
also cleans up normal spillage in the drift. 

Each level in production has one train crew, a 
motorman and a trammer. A train consists of five 
90-cu ft, side-dump, cars pulled by a 4-ton trolley 
locomotive. When a level starts production, haulage 
distance is a maximum of 1800 ft. As mining pro- 
gresses toward the shaft this distance decreases. The 
ore is hauled to a transfer raise where a pneumatic 
cylinder is used to dump the cars. Transfer raises 
from three levels feed into the same loading pocket. 

Two methods for loading hoisting shaft skips are 
in use. Both methods use measuring heppers from 
which the measured load of ore is dropped into the 
skip by an air-operated flap-gate, and the difference 
lies in the method of filling these measuring hop- 
pers. The older system has air operated arc gates 
at the bottom of a single raise, fed through concrete 
and steel lined branch raises from the three haulage 
levels above. Serious troubles were encountered with 
this system. Abrading of the rock at the points 

where the raises branched into each other presented 
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costly and dangerous problems. A hang-up in the 
lower section held up production from all three 
levels. Dislodging the hang-up often resulted in a 
rush of wet ore past the loading pocket down into 
the shaft. As a result of these problems the loading 
system was redesigned for a scraping type pocket. 

The scraping type pocket has a scraping trench 
90 ft long into which separate raises feed from each 
of the three levels above. Ore is scraped through 
the trench into the measuring hoppers by a 72-in. 
scraper, powered by a 125-hp electric hoist. With 
this system, troublesome branch raises are elim- 
inated and a hang-up in one raise affects only one 
level. If a rush of wet ore occurs, it will stop in 
the scraping trench without spillage into the shaft. 
Since only one third of the total ore handled in the 
pocket passes through each raise, it is apparent that 
raise maintenance will be less than encountered in 
the former system where all three fed into a single 
raise. The scraping trench system has been found 
to be superior to the previous system and all new 
loading pockets will be patterned after it, although 
some pockets will service only two levels. 

Ore and rock are hoisted in two 10-ton skips, 
hoisting in balance at a speed of 1200 fpm. Approxi- 
mately 170 skips per eight-hour shift, or 510 skips 
per day are required to maintain production. The 
skips dump into a 600-ton bin in the headframe. 

A 7-ft diam roll feeder feeds ore to a 36x72-in. 
jaw crusher which crushes to —3 in. A 48-in. con- 
veyor, traveling at 300 fpm, carries the jaw crusher 
product to the secondary plant. This conveyor has 
a magnetic head pulley which separates the ore and 
the waste rock. The waste rock, consisting of dilu- 
tion from the hanging wall and footwall develop- 
ment rock, is passed over another short conveyor 
belt which also has a magnetic head pulley to re- 
trieve any ore not picked out by the first belt. In 
1951 waste rock averaged 10.6 pct of the total ton- 
nage hoisted. 

Ore feeds onto a double deck, vibrating screen 
with 1% in. openings. Screen oversize is crushed 
-% in. by a 54%-ft short-head cone crusher. Screen 
undersize and the cone crusher product are con- 
veyed by a 30-in. belt to the loading structure where 
ore goes directly into 75-ton railroad cars or is trans- 
ferred to the stocking tower. Active storage to 
300,000 tons can be maintained by the boom stock- 
ing conveyor which rotates through 223°. Stockpile 
ore is loaded into railroad cars by an electric shovel 
to balance mine production and concentrator demand. 

Mine water is collected in settling sumps on the 
740 ft level and the 1225 ft level. The 1225 ft level 
pumproom is equipped with three 4-stage, hori- 
zontal, centrifugal pumps each rated 780 gpm against 
a 550-ft head. These pumps discharge into the 740-ft 
level sumps. The 740-ft level pumproom has a 
pumping capacity of 1950 gpm distributed between 
three pumps which relay the water to the surface. 
All mine water above the 740-ft level is diverted 
into that sump. Sumps are cleaned periodically 
by scraping settlings directly into the shaft skips. 
Approximately 3500 tons of ore settlings are cleaned 
from the sump in a year. At the surface, mine water 
is passed through a series of three State licensed 
settling ponds, which provides further settling and 
clarification before the water leaves the property. 
A 90 to 95 pet clarification efficiency is routine with 
this system. The average daily pumping rate for 
1950 was 550 gpm with peaks up to 1000 gpm. 


Mill section at concentrator in Lebanon. 


Ore from both underground and open pit is shipped 
in 75-ton railroad cars to the concentrator at Leb- 
anon. Here a unique flowsheet combines magnetic 
separation and flotation to recover magnetite, pyrite, 
and chalcopyrite. Present operations treat 6500 tons 
per day, producing 4000 dry tons of iron concentrate, 
75 tons of copper concentrate, and 100 tons of sul- 
phur concentrate. About 2400 tons per day of mag- 
netite is sintered locally in a Greenawalt plant, and 
the remainder goes to the Bethlehem plant where 
it is handled on Dwight-Lloyd machines. 

Pyrite concentrate is roasted to produce sulphuric 
acid at Curtis Bay, Md.; then given a chloridizing 
roast and leached to extract cobalt at the Pyrites 
Co. plant in Wilmington, Del. Residue from this 
operation produces sinter for the Sparrows Point 
steel plant. Copper concentrates are shipped to the 
International Mineral Pool, Phelps Dodge Corp., on 
Long Island. 

The schematic flowsheet shows treatment in one 
mill section, but grinding of open pit and No. 4 mine 
ore differs. Open pit ore, which constitutes 35 pct 
of feed at present, goes to one 8x16-ft rod mill 
operating in open circuit and grinding 100 tph 
through 10 mesh. Underground ore is treated in 
7 ball mills operating in closed circuit with hydraulic 
cone classifiers each grinding 25 tph through 65 mesh. 
Differences in ore character and sulphide content 
dictate variation in grinding practice. 

Cornwall ore grinds readily, does not liberate 
readily, and slimes quickly. Maximum sulphide re- 
covery, and highest iron grade must be balanced 
against fineness of material that can be sintered at 
an economical rate. Present magnetic iron recovery 
is 97 to 98 pct. 

Not only is the plant relatively unique in its flow- 
sheet for three-product recovery, but metallurgy 
must balance recovery against product size distribu- 
tion requirements. An interesting operating feature 
is use of magnetic separators as dewatering devices 
both in the mill regrind circuit and ahead of the 
filters. From an operating viewpoint the task of the 
flotation section is not an easy one. Problems of 
handling a coarse, high specific gravity, feed, and 
understandable concern with machine efficiency, led 
to design of Steffensen flotation machine here. 


Mill Feed 


Open Pit Ore Underground Ore 
(No. 4 Mine) 
42 pct Fe 40.3 pct Fe 
0.2 pet Cu 0.3 pet Cu 
1.1 pet $ 1.3 pet S$ 
Iron Concentrate 
Fe (total) 62.4 pct 
P 0.007 pct 


Flotation Products 


Chalcopyrite Concentrate Pyrite Concentrate 


pet pet 
Cu 25.0 Ss 50.0 
Ss 30.0 Fe 44.0 


Fe 30.0 Co 1.27 


Tailing 
Fe (total) 7.20 pet 
Fe (magnetic) 0.30 pct 


Roke Clossitier Dewatering Magnetic 
o'size v'size grat 
Bol! Mill _Thickeners Filter 
Uflow o'flow 
Fe Concentrate 
Roke Classifier Storoge To Sintering Pion? 
o'size u'size 
c r Flotation 
u'flow froth—eThickener 
u'tlow o'flow 
ti + 
tailing conc. Filter________» Cu Concentrote 
Pyrite Flotation Filter —— Fe Concentrote 
tailing conc. To Sintering Plont 


Fiver 


Pyrite Concentrate 


To Roasting Piont 


Final Tailing 
To Dom 


FLOWSHEET shows treatment of underground ore from No. 4 
mine. Numbers refer to circled figures on drawing: |—Ore is 
crushed and cobbed at mine. 2-A magnetic separator 
dewaters mill return sands. 3—Flotation froth consists of 
locked iron-copper bearing particles. 4—Sulphur, iron, and 
cobalt are recovered from pyrite. 


Iron concentrate is sintered locally in two Green- 
awalt vacuum plants. The older one consists of six 
8x24-ft pans operating at 25 to 30 in. of water, 
vacuum, and the newer plant has two 10x30-ft pans 
operating at 40 to 45 in. of water, vacuum. Care- 
ful blending of feed is considered vital to proper 
production from the unusually fine sized concen- 
trate. 


JULY 1953, MINING ENGINEERING—675 


Beneficiation at Cornwall— 
— ai 
Q) Bol! Mills 
Hydraulic Classifier 
o' flow 
Drum Magnetic Separators 
tailing 
® Flotation 
froth uiflow 


Cleveland-Cliffs 
Conveyor System 


Uses Twisted Belt 


To: 


Panel defiant Michigan weather, engineers 
working at the Mather mine “B” shaft decided 
that belt conveyor stockpiling could be used pro- 
viding problems of low temperatures and sticky ore 
were solved. Belt conveyors presented definite eco- 
nomic advantages over the railroad trestle system 
used in the “A” shaft. However, gains could easily 
be offset by operating difficulties. 

Wet ores and below zero temperatures at the 
Cleveland-Cliffs Lron Co.’s Upper Peninsula opera- 
tion could cause ore to adhere to the conveyor belt 
and to build up on the return idlers. Ore build-up 
spells excessive spillage, belt misalignment, and 
costly maintenance and repairs. By simply twisting 
the return flight conveyor at both ends, the answer 
was found. The clean surface of the belt is always 
presented to the idlers, spillage is concentrated at 
the point of twist, and mechanical maintenance is 
minimized. 

Lester Ericson of National Iron Co. conceived the 
idea of twisting the belt. National Iron cooperated 
with B. F. Goodrich, Chain Belt Co., and Cleveland- 
Cliffs in test work. Detailed results of these tests 
and mathematical solution of design problems ap- 


D. K. CAMPBELL, H. H. KORPINEN, and H. C. SWANSON are 
with Cleveland-Cliffs Iron Co., Ishpeming, Mich. 
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| —Beat Upper Peninsula Weather 


2—Solve Underground Transportation Problems 


by D. Kelly Campbell, H. H 


Korpinen, and H. C. Swanson 


peared 
written by J. W. Snavely. 

Success of experiments with twisted belts is evi- 
dent from the number of installations Cleveland- 
Cliffs is using: 


in MINING ENGINEERING, December 1951, 


June 1951—Mather mine “B” shaft; main stem 
surface stockpiling conveyor; 655-ft head to tail 
pulley, 36-in. width, 400 fpm. 

January 1952—Mather mine “A” shaft, under- 
ground conveyor; 2600-ft, 30 in., 500 fpm. 

March 1952—Mather mine “B” shaft, east branch 
stockpiling conveyor; 450-ft, 30 in., 500 fpm. 

March 1953 (schedule completion)—Mather mine 
“B” shaft, west branch stockpiling conveyor; 
1185-ft, 30 in., 500 fpm. 


Experience with the first stockpiling belt at the 
“B” shaft led to the installation of the new under- 
ground belt conveyor at the “A” shaft, incorporat- 
ing the twisted return flight feature. Stepped-up 
production on new levels requiring overlong tram- 
ming distances led to installing the belt on the 
seventh level. A 7x7 drift was driven for the belt 


from the shaft parallel to the main haulage level. 
The conveyor transports ore 2500 ft horizontally 
and elevates it 85 ft, from a point 35 ft below the 
haulage level to 50 ft above the shaft loading station. 


. 
& 
¥ 


Top side of “turnover” 
belt does its job under- 
ground where ore is very 
wet, sticky, and tends 
to build up on ordinary 
belt installation. 
trations on opposite page 
and below show the 
twist that makes the 
tunover belt unique. 


Ore is gathered in cars from chutes at the transfer 
raises and trammed by locomotive to the crusher 
station, where it is automatically unloaded by ramp 
car dump to a scraper trench. Ore is then scraped over 
a fixed grizzley with 6-in. openings to a 42x36-in. 


crusher. Crushed ore joins fine material from the 


grizzley at the pan feeder. The pan feeder dis- 
charges to the belt conveyor at approximately 35 ft 
below the haulage level. The conveyor transports 
the ore to a point 50 ft above the shaft loading 
station. Three raises controlled by a butterfly gate 


Twist is put in “turn- 
over” belt in this 36-ft 
span underground. Re- 
turn strand of belt, at 
bottom, moves right to 
left with carrying sur- 
face turned 180° and 
brought uppermost at 
extreme left. 


arrangement transfer ore to a scraper trench feeding 
the 12%-ton skip measuring pocket. These raises 
provide storage space and permit segregation of ore 
from waste rock. Production from the seventh level 
is expected to reach one million ton mark sometime 
during 1953. 

The diagram presents details of the conveyor in- 
stallation. The belt is twisted 180° at head and tail 
ends when installed and prior to vulcanizing. First 
twist is 180° in one direction and the second twist 
is in the same direction. This 360° rotation will 
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equalize any stretch in the belt, because edge stretch 
in first twist will be compensated by second twist. 

Pulleys in the conveyor system can be adjusted 
horizontally and are used in training the belt after 
installation. While vertical adjustment would per- 
form the same task, horizontal adjustment is found 
simpler. 

It was necessary to install two vertical guide roll- 
ers at the midpoint of belt twist at the Mather “B” 
shaft stockpiling system. The belt at this point is 
vertical and because the full width is presented to 
the roller surfaces there is little wear. Vertical roll- 
ers were necessary because right angle belt loading 
and variation of ore from wet to dry caused the belt 
to float laterally along the width of the tail pulley. 
Right angle loading of wet ore placed the bulk of the 
material on the near side of the belt, causing the 
belt to track toward the far side. Dry material, with 
greater trajectory, was deposited on the far side and 
the belt tracked toward the opposite side. Installa- 
tion of vertical guide rollers entirely corrected 
wandering of the belt across the tail pulley fall. 

The loading condition which necessitated the de- 
velopment of vertical idlers does not exist at the 
discharge belt at the Mather “A” shaft. However, 
the vertical rollers are a positive aid in training the 
belt and providing a safeguard, aligning the belt 
under any unusual conditions. John Nigra and Geno 
Colombo designed the vertical guide rollers at the 
Mather “B”. All Cleveland-Cliff’s twisted belt sys- 
tems incorporate the device. 

Deck plates between the carrying and return belts 
have been eliminated in the conveyor structure and 
diverting skirts added in their place. This directs 
any spill from the loaded belt to the return flight. 
The return flight is equipped with troughing idlers 
instead of flat idlers, assuring carrying back spill to 
the rear turnover points immediately preceding con- 
tract with the tail pulley. 

Initial installation of the twisted return flight belt 
conveyor was made at the “B” shaft on the 655-ft 
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Unloaded belt in under- 
ground installation 
shows clean surface de- 
spite wet, sticky ores 
handled. Absence of 
spill is another feature; 
surface installation 
didn’t require cleanup 
after a year's operation. 


stockpile conveyor. The belt runs north from the 
crusher building to the stockpile area. This is the 
main stem conveyor of the system, from which one 
lateral conveyor extends 450 ft east. A 1185-ft belt 
will be completed on the west side this summer. 
Although the main belt is 36-in. wide and is driven 
at 400 fpm by a 60-hp electric motor, the lateral 
conveyors are handling the same amount of ore on 
30-in. wide belts by speeding up to 500 fpm. 

The belts elevate the ore approximately 35 ft but 
stockpiling to a height of 65 ft can be achieved be- 
cause the terrain slopes away from the collar of the 
shaft. Winter stockpiling capacity at a rate of 5000 
tons per day will be provided when the system is 
complete. 

The conveyor is completely enclosed in a structure 
specially heated and insulated to prevent ore from 
freezing and sticking to the belt. Enclosure walls 
are corrugated galvanized sheet on the inside, with 
2 in. of 7-lb density fiber glass between the inside 
galvanized sheet. The moisture proof outside wall 
is of protective-coated corrugated sheeting. The 
heating system uses a 15,000 cfm fan to force air 
through low pressure steam coils. Approximately 
one third of the heated air is forced directly through 
the enclosure under the belt, with two thirds being 
exhausted into the gallery. It was found that the 
forced air system is only needed when the atmos- 
pheric temperature drops below 20°F. Ports, pro- 
tected by outside sliding doors and hoods in the 
sides of the conveyor enclosure, discharge ore to the 
stockpile. The sliding doors are insulated. Dogs and 
a rubber seal prevent loss of heat. 

The twisted return flight feature eliminated the 
necessity for cleanup along the length of the main 
stockpile belt. The floor is clean after a year’s op- 
eration, although it hasn’t been swept. Cleaning is 
needed only at points where the belt is twisted and 
at transfer and discharge trippers. Idlers haven’t 
been changed to date. 


| 
~~ 


Financing Domestic Mining Ventures 


Part Il Sources of Capital Funds 


by C. C. Bailey, L. C. Raymond, and W. F. Boericke 


HE vendor seeking outside capital for his project 
has the following potential sources which may 
be approached; 


—private sources, 
—institutional funds, 
government agencies, 
—established mining concerns, and 
public financing. 
Private Sources 
Capital available from individuals is usually lim- 
ited by the range of personal contacts available to 
the vendor. Moreover, it is usually feasible to seek 
capital from individuals only in early stages of a 
mining project when the amount of funds needed 
to accomplish the next step is small, within the 
range of $50,000 to $100,000. 


Institutional Funds 


Institutional funds (such as might be supplied by 
insurance companies, commercial banks, endow- 
ments, etc.) are in general only available for mining 
projects when there is large and long term operation 
controlled by interests of demonstrated experience 
and competence. Furthermore, the fiduciary charac- 
ter of such funds practically requires a preferred 
status in the capital set-up of the project, which 
means that they must be represented by bonds and 
notes, rather than preferred and common stocks. 
Under these circumstances, in order to attract insti- 
tutional funds, it is necessary that the project have 
a substantial equity investment to protect the senior 
liens, or substantial assets of the controlling interests 
for adequate supporting collateral. 

The costs of securing institutional funds are borne 
by the vendor out of equity funds already in the 
treasury or secured as additional equity financing. 
The senior lien will have a fixed maturity date, 
usually from 10 to 25 years, since institutional funds 
would not be interested in smaller short-term proj- 
ects. The interest rate would fall between the limits 
of 3 to 6 pet per annum, and there would be sinking 
fund provisions designed to retire all, or the major 
portion, of the loan by maturity. 

A current example of the use of institutional funds 
in a major mining project is the $148 million loan 
by a group of insurance companies to Reserve Min- 
ing Co., which is owned equally by Armco Steel and 
Republic Steel. Reserve is developing a large scale 
operation in mining and beneficiating magnetic ta- 
conite ore which it has leased from Mesabi Iron Co. 

Prior to arranging this insurance company financ- 
ing, Reserve had expended something like $8 million 


C. C. BAILEY is an analyst with Peine, Webber, Jackson & Curtis; 
L. C. RAYMOND is Senior Mining Engineer with Ford, Bacon & 
Davis, Inc.; and W. F. BOERICKE is with Hayden Stone & Co., all 
of New York. 


to establish an initial operation to yield 300,000 
tons of pelletized furnace feed (60 to 65 pct iron). 
The loan is expected to supply all the outside capital 
required to achieve the next objective of 242 million 
tons of annual output. In moving to the third 
stage of 3%4 million tons per annum the controlling 
companies might supply part or all of the additional 
$10 to $20 million of capital requirements. At that 
point, the total capital investment would be in the 
order of $170 million and to achieve the ultimate 
goal of 10 million tons of output per annum might 
require an additional $130 million of capital. 

Another example of institutional participation in 
a major mining project is the Sherritt Gordon de- 
velopment of its Lynn Lake nickel-copper-cobalt 
property in Manitoba. 


Government Agencies 


Government aid and participation in mine financ- 
ing has expanded tremendously over the past two 
decades, having received its first impetus during the 
depression of 1929-32. Further stimulus came dur- 
ing the emergency period of World War II and from 
the post-Korea defense program. 

It is the authors’ opinion that while the various 
agencies handling government financial aid may 
have been initiated under legislation to meet tem- 
porary situations, the general acceptance of govern- 
ment aid continues to increase in scope. More re- 
cently, the Paley Report recommended continued 
government aid to such projects. Also, more and 
more established mining companies are taking ad- 
vantage of government financial aid. 

It is not the purpose of this article to critically 
examine all of the aspects of government financing 
but to fit it into the scheme of financing of domestic 
mines. The authors wish to point out that govern- 
ment financing in general has been specifically de- 
signed as a public emergency aid and, thus: 


1. A vendor is enabled to get financial aid from 

the U. S. Treasury under conditions which 
would not be allowed to public and private 
financial institutions under current Federal 
and State security laws. 
As long as government continues to give finan- 
cial aid and to take the ventures involving 
higher risks, less financial aid can be expected 
from private and public sources. In the long 
run such public financial aid might disappear. 
Government not only can take the larger risks 
but can also pay for examination of the prop- 
erties, and assembly and preparation of the 
necessary data for obtaining the financing. 


Part |, “Problems of Mine Financing” appeared in the 
June issue of MINING ENGINEERING. 
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Government has had an increasing effect on mine financing—through taxation 


Government loans are being made to bring 
into production mining properties of a mar- 
ginal nature which probably would not be 
financed from public sources until a much 
later date. However, should any recession in 
prices of metals occur, such marginal proper- 
ties might require subsidy or be required to 
shut down. 

The principal government agencies involved in 
mine financing are the DMEA, the DMPA, and the 
RFC. These agencies afford help either by direct or 
indirect financial assistance, or by direct loans. Such 
aid is obtainable for ventures in the explorative 
stage (DMEA), the intermediate development to 
production stage (DMPA), and the final major 
financing to productive stage (RFC). 


The DMEA 

The Defense Minerals Exploration Administration 
was set up to carry on the minerals exploration 
assistance program authorized by the Defense Pro- 
duction Act of 1950, as amended, for the purpose of 
encouraging discovery and development in the U. S. 
and its territories of additional deposits of critical 
metals and minerals vital to national security. 

The 34 minerals which the government seeks to 
have discovered and developed are divided into 
three groups. The 12 in Group A are the common 
nonferrous metals such as copper, lead, and zine and 
for projects in this classification the government will 
supply 50 pet of the exploration costs. Group B con- 
sists of 6 items including antimony, manganese, 
tungsten, and rutile. In this category the government 
can supply 75 pet of the exploration costs. There are 
16 items in Group C, among which are beryl, cobalt, 
columbium-tantalum, nickel, tin, and uranium. Here 
the government can supply 90 pct of exploration 
costs. 

Indicative of the important role that the govern- 
ment is taking in aid to exploration projects through 
DMEA are the figures, released by this agency for 
contracts executed through November 1952. The 
421 contracts have a total value of $20,286,288 of 
which the government's participation comes to $12,- 
242,390. Aid to exploration is included for 21 differ- 
ent mineral commodities, of which copper, lead, zinc, 
mica, and tungsten drew the major attention. The 
average value of the contracts is about $48,000. Fea- 
turing the willingness of the government to take a 
chance is the statistical record of DMEA. Out of 
1607 applications for exploration assistance received 
during the above period, 421 or 26 pct were ap- 
proved, 678 or 42 pet were denied. The balance, 32 
pet, had been withdrawn or were still in process. 

There is little doubt that any private company, 
regardless how large its resources, would hesitate to 
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employ its funds so hopefully on exploration proj- 
ects. Of the 1607 applications offered DMEA, it 
seems safe to say that at one time or other most of 
them had sought financial aid from mining and ex- 
ploration companies before they approached the 
government. 

The DMPA 

The Defense Materials Procurement Administra- 
tion assistance program is more comprehensive than 
that of DMEA. The basic job of DMPA is to stimu- 
late new production and when possible to utilize 
private capital and industry cooperation. 

The methods used by DMPA to stimulate produc- 
tion and procurement include outright purchase, 
floor-price guarantees, loans, certificates of neces- 
sity, assistance in procurement of equipment, and 
subsidies. 

DMPA may contract with a mining company for 
purchase of a mineral at a specific rate. Such con- 
tracts are usually negotiated at a price below cur- 
rent free market, although sometimes above domes- 
tic ceilings, but at a sufficient level and for a suffi- 
cient production to take most of the risk out of the 
project. 

DMPA may subsidize a mining company directly 
ov buy products at over ceiling price to keep pro- 
duction going if operating costs are too high to show 
a profit. 

DMPA, contrasted with DMEA, does not take 
many risks. Its emphasis is on procurement and a 
contract is only made after careful investigation as 
to probability of performance. 

Each case handled by DMPA must be realistic 
as regards amount of production, time, and size and 
amount of facilities available. The goal is production 
which can be counted on within a fixed period, not 
assistance in mining activities. 


The RFC 

Under procedure up to May 1953, if government 
loans were needed to get into production, an applica- 
tion was made to Reconstruction Finance Corpora- 
tion, which may act on its own initiative utilizing its 
own funds, since RFC may make loans fer mining 
purposes on its own statutory authority without ref- 
erence to any defense activity or program. In 1938 
RFC was empowered to buy securities from business. 
Borrowers were eligible when credit was not other- 
wise available. Finally in 1945 RFC was given power 
to guarantee loans. 

In granting a loan, RFC requires a substantial 
subordinate financial participation by the borrower. 
No loan is made on hopes only; the project must 
have demonstrable substance and feasibility. 

Essential differences in the work of the respective 
agencies may be summarized as follows: DMEA par- 
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—through regulation of securities—and most recently in the role of financier 


ticipates in financing only for exploration purposes. 
It will issue a certificate of discovery upon location 
of a substantial and probably commercial orebody 
as a result of an exploration program. DMPA has a 
very limited program for aiding in development 
between exploration and production, but the finane- 
ing is primarily to aid actual production rather than 
development. The policy is to induce private capital 
to take over the development phases of mining oper- 
ations. RFC has no program to finance mining pros- 
pects prior to the production stage. 


The White Pine Project 

The White Pine project of the Copper Range Co. 
may be cited as an example of substantial govern- 
ment assistance in the development of a major min- 
ing property. In this case, as in other similar ones, 
the government assistance has three principal com- 
ponent parts: 1—long term loan of capital funds, 
2—certification of a portion of the cost for accel- 
erated depreciation, and 3—a government procure- 
ment contract. The White Pine property comprises 
9840 acres of fee, mineral and surface rights located 
in the Upper Peninsula of Michigan and owned by 
White Pine Copper Co., which is a wholly-owned 
subsidiary of the Copper Range Co. The property 
contains more than 300 million tons of proven and 
probable ore averaging about 22 lb of copper per 
ton. The project calls for construction of all facil- 
ities for mining, milling, and smelting (also townsite, 
etc.), for the production of 75 million lb per annum 
of high grade copper. It is planned to bring the 
property into production by the end of 1954. 

RFC, acting as agent, authorized a loan to White 
Pine Copper Co. of $57.2 million. This was the first 
loan approved in this particular manner involving 
both RFC and DMPA, and the procedure was worked 
out because the project did not qualify for direct 
RFC action under the powers derived from its own 
enabling legislation. It is understood that the loan 
application had received the endorsement of the 
DMPA, the Munitions Board, the DPA, and several 
other agencies. The time required for negotiation of 
this loan was much longer than is usual for smaller 
and less complex projects and far exceeded the 3 to 
6 months which is normal for DMEA projects. Ne- 
gotiations were initiated in September, 1950, and 
the authorization was granted on November 15, 1951. 

The RFC loan matures in 20 years, carries a 5 pet 
interest rate and is secured by first mortgage on all 
of White Pine’s fixed assets, existing and to be con- 
structed. It has a fixed sinking fund of $3 million 
per annum, payable quarterly, which becomes op- 
erative July 1, 1956, or 18 months after completion 
of the project, whichever date is earlier. There is 


also a contingent sinking fund requirement, de- 
signed to assure that a minimum of 50 pct of the 
operating profit of White Pine (after taxes but be- 
fore bookkeeping charges) shall be devoted to debt 
retirement. It is further stipulated that any tax 
savings resulting from accelerated depreciation shall 
be applied against debt retirement installments in 
reverse order. 

The RFC loan does not provide funds for working 
capital or for interest during construction. The 
Copper Range Co., the parent, has agreed to provide 
funds for these purposes, estimated to require ad- 
vances to the subsidiary of about $13 million over 
a period of seven years. 

On Nov. 16, 1951, the DPA certified to the Com- 
missioner of Internal Revenue that the project was 
in the interest of national defense. Facilities esti- 
mated to cost $42 million qualify for accelerated 
depreciation, applicable to $29 million (70 pct), 
which may be taken during the five calendar years 
following completion of the project. 

White Pine’s procurement contract was entered 
into on February 25, 1952, and provides that DMPA 
will purchase at 25.5¢ per lb up to 243,750 tons of 
the first 275,000 tons of copper produced, if request- 
ed by the company. The government retains an 
option to purchase all of the 275,000 tons under the 
contract at the 25.5¢ price or the then current mar- 
ket, whichever is higher. The 25.5¢ price is subject 
to adjustment according to changes in government 
labor and commodity indices, and the contract ter- 
minates on December 31, 1961, or at an earlier date 
under certain contingencies. 

It is readily apparent from this brief summary 
of the White Pine project that the government as- 
sistance program provides capital for major mining 
projects on a basis with which no private or public 
financing agency or medium can compete. In the 
absence of such government assistance, this project 
might have been delayed an indeterminate number 
of years, and when undertaken would undoubtedly 
have been developed on a much smaller initial scale. 


Established Mining Concerns 


Up to World War II, the mining companies played 
an important part in supplying financial aid for new 
mining ventures. In recent years, because the ma- 
turity of our prospecting status and the greatly in- 
creasing part taken in financing mine ventures by 
the government, the mining companies are going 
into scientific prospecting to maintain a flow of new 
ore supplies for future requirements. 

The established mining companies exhibit con- 
siderable diversity in their approach and proposals 
for extending financial aid to projects brought to 
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their attention. However, there are three basic pat- 
terns which emerge from a study of the entire field. 


Option to Purchase: This procedure is used 
where it is possible to set a price in relation to an 
appraised value and the amount of investment is 
not very large. Payment may be in a lump sum 
if the amount involved is not large. However, 
payments are usually made over a period of years 
in predetermined sums. Such sums usually bear 
a close relationship to the estimated amount of 
money that the property could afford to pay 
out as an annual royalty when brought into pro- 
duction, and such payments are applied against 
the price set in the original agreement. The basis 
of royalty calculations may vary from 2 to 15 pet 
depending upon the average value of the ore, and 
are generally applied to the net smelter returns. 
Ten pet may be considered a good royalty. For 
numerous nonmetallic minerals of low value the 
royalty rate is frequently below 10 pct. In many 
instances the mining company agrees to a more 
or less continuous program of development to the 
production stage. 

Lease on Royalty Basis: This method applies in 
cases where it is not possible to fix a purchase 
price, and it is not generally attractive to the 
mining company because the royalty may become 
burdensome on operating costs. A sliding scale 
royalty may be preferred in such cases by the 
mining company. It also prefers to have complete 
control over the property, especially if there is 
considerable investment required in surface and 
underground facilities. 

Participation: This plan has considerable varia- 
tions depending upon the financial requirements 
and reliability of the vendor. The company would 
insist upon full management control and in most 
cases it prefers to make provisions eventually to 
purchase the equity retained by vendor. Provi- 
sions are made for the company to recoup its cap- 
ital investment prior to the division of profits. The 
equity retained by the vendor may vary from 25 
to 50 pet in case the venture is a moderate sized 
one. In the case where the financial requirements 
are large, the equity may run from 5 to 15 pct or 
more. The disadvantage of this plan is the poten- 
tial interference in managerial prerogatives from 
minority interests. 

A practical modification of the participation plan 
is that of offering the vendor a reasonably good 
earning rate without having to participate in cost 
of bringing property to production. The vendor 
may be given something in the order of 4 pct of 
the profits after amortization but before federal 
income tax. 


Before an established company will initiate any 
financial aid it will require well organized informa- 
tion and engineering reports on the property. Min- 
ing staff members are very adept at spotting so- 
called reports written by amateurs, and such re- 
ports prejudice their consideration. At this stage, 
the company may wish to discuss the broad outline 
of a deal. It is unusual for any payment to be made 
to the vendor until the mining company has had 
ample time to examine the property and substan- 
tiate some of the claims ef the vendor. In cases 
where the vendor has spent a considerable sum in 
an initial investment he is offered a refund or 
“standby” funds. The vendor might also insist on 
a reasonable amount of development work in bring- 
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ing the project to production. In cases where out- 
right purchase is contemplated, a period of two years 
might be required before final negotiations can be 
terminated, because of the development work neces- 
sary to insure an adequate return. 

An established mining concern can offer certain 
advantages to a vendor. It is likely to have the 
knowledge and staff to obtain early development 
results and solve difficult technical problems. It is 
usually in a position to market the product to great- 
est advantage. 

There are limitations to the extent of financing 
that it is possible to secure directly from a mining 
concern. Where several millions of dollars are in- 
volved, the mining company might find it necessary 
to seek supplementary funds from outside sources. 

It is obvious from the methods used by mining 
companies in financing properties, that there is room 
for trading to the advantage of the vendor, pro- 
vided his data have been well organized and sub- 
stantiated. It is also obvious that in presenting a 
venture to a mining company, the vendor can expect 
to relinquish control and management of the prop- 
erty. 

The Vulcan Project 

Although the contract between Vulcan Silver- 
Lead Corp. and American Smelting & Refining Co. 
for the exploration and development of the former’s 
property is not typical of the usual situation involv- 
ing an individual vendor and an established mining 
concern, it does have a number of features illustra- 
tive of some of the attitudes and procedures. 

The old Galena property is located in the Silver 
Belt of the Coeur d’Alene district, about 2 miles 
west of Wallace, Idaho, and some 5 miles east of the 
properties of Bunker Hill and Sullivan and Sunshine 
Mining. In 1946, Callahan Zinc-Lead Co., owner of 
this property, organized the Vulcan Silver-Lead 
Corp. and transferred to it roughly the western two- 
thirds of the Old Galena property, including the 800- 
ft deep Galena shaft. 

The basis for the deal with American Smelting 
was the geological inference that commercial ore 
existed at 3000 ft depth (sea-level). 

In 1947, Vulcan Silver-Lead signed a 30 year lease 
agreement with American Smelting & Refining Co., 
with a 30 year extension privilege. AS&R undertook 
exploration and development work at its ownexpense, 
involving sinking the existing shaft to the 3000 ft 
level, estimated to cost up to $1 million. Vulcan 
was to receive $500 per month as advance royalty, 
recoverable by the lessee out of future earned royal- 
ties. With the production of ore, Vulcan would re- 
ceive a royalty of 10 pct of net smelter returns, sub- 
ject to reduction for unrecovered advance royalties. 
After the lessee, (AS&R) should have recovered its 
capital costs and accumulated a working capital 
fund of $500,000, then Vulcan would be entitled to 
50 pet of all profits. 

By the middle of 1950, after 3% years during 
which nearly $1 million had been devoted to the 
project, the shaft was bottomed at a depth of 2930 
ft, and an exploration level driven. The encouraging 
ore showings encountered by the end of 1950 result- 
ed in the suspension of exploration except for dia- 
mond drilling while the shaft was rehabilitated and 
improved, to enable handling 1000 tons a day as 
compared with the former rating of 150 tons a day. 
This phase of the project occupied the time from the 
end of January 1951 to May 1952, and since that time 
underground development work has been resumed. 


By the end of 1951, American Smelting & Refining 
had raised its total expenditures to about $1.9 mil- 
lion and at the end of 1952 the total had exceeded 
$2.5 million. 

Among the interesting collateral aspects of the 
project is the fact that Day Mines has a 25 pct par- 
ticipation in AS&R’s side of the contract and that 
Federal Mining & Smelting Co., an AS&R subsid- 
iary (now absorbed into the parent company) had a 
15 pct participation. On the other side, Callahan 
Zinc-Lead, since 1946, has disposed of a number of 
blocks of its stockholding in Vulcan Silver-Lead so 
that its present ownership is about 56 pct. 

Another interesting illustrative project, involving 
a production program rather than prospecting or 
exploration, was the operating contract between 
Benguet Consolidated Mining Co. and Consolidated 
Mines Inc. Both of these companies are American 
owned, although they have headquarters in the 
Philippines, and the principles involved in their con- 
tract are applicable in this country. 

Benguet is one of the important gold mining 
companies of the world with a long record of profits 
and dividends. Consolidated Mines was short on 
capital, short on management experience, needed 
technical advice and marketing facilities in order to 
function profitably. Its sole asset was the ownership 
of the 10-million ton low-grade Masinloc chromite 
deposit. 

Under the terms of the contract, Consolidated 
agreed to maintain and safeguard its rights in its 
claims and Benguet agreed to explore, develop, 
mine, concentrate, and market the ore found on the 
claims. Benguet agreed to provide funds from its 
own resources as necessary for exploration and de- 
velopment, plant construction, and for transporta- 
tion until the properties show profit. 

Benguet shall be reimbursed out of actual net 
profits from operations of Consolidated to the extent 
of 90 pet of such net profits. The remaining 10 pct 
is to go to Consolidated for expenditures made out 
of its own funds prior to the time the properties are 
put on a profit producing basis. Expenditures from 
Benguet’s own resources shall be charged against the 
subsequent gross income. After Benguet has been 
fully reimbursed for its expenditures, net profits 
from the operation shall be divided evenly between 
Benguet and Consolidated. 

Benguet has the right on 90 days notice to cancel 
and terminate the contract. If upon termination, the 
company has not been fully reimbursed for equip- 
ment and installations it has made on the property, 
Benguet shall have the right to select equipment for 
removal to reimburse itself. 

This contract has been exceptionally profitable to 
both parties and present shipments are being made 
at the rate of over 50,000 tons a month. 


Public Financing 


If it is proposed to raise funds for mine develop- 
ment through a public offering of shares, registra- 
tion of the issue is required with the Securities & 
Exchange Commission as well as compliance with 
the provisions of the various State “Blue Sky” Com- 
missions. In most states the requirements of these 
Commissions do not involve a great deal of work or 
expense. For example, in Massachusetts, it will 
suffice to file with the Commission a notice of intent 
to sell by a registered broker or salesman, together 
with a simple form revealing general corporate de- 
tails, or in its stead, a copy of the registration state- 


ment as filed for the security with SEC. The Com- 
mission may investigate any security when the in- 
formation furnished is believed to be inadequate. 

The requirements vary for the different state 
commissions and some are far more onerous than 
others. Registration of the stock offering with SEC 
does not in itself act as a clearance with the state 
commissions, but undoubtedly carries a lot of 
weight. 

Registration with SEC is usually an expensive ex- - 
perience and has caused protest from promoters who 
blame the law for the decline in speculative offer- 
ings. Unfortunately, it is true that a thoroughly 
honest effort to obtain venture capital for a new 
mining enterprise must encounter the same search- 
ing investigation that is faced by a promotion of the 
most questionable character. 

For issues of $300,000 or less SEC permits use of 
the so-called “Short Form” which does not require 
filing a registration statement with SEC, but merely 
sending a Letter of Notification, under Regulation 
A, Form S-36-1. 

Although compilation of the letter of notification 
can be accomplished easily enough and filing of a 
prospectus is not a requirement under Regulation A, 
it is required that any sales literature that the 
underwriter may wish to use must be filed and 
cleared with SEC. As a practical matter it is vir- 
tually impossible to obtain funds from the public 
with only the letter of notification and its abbre- 
viated statements and information. Something more 
is needed to excite the investor's interest and to 
arouse the enthusiasm of the speculator. Thus a 
prospectus, or offering circular as it is usually called 
when used under Regulation A, is a “must” in any 
sales campaign and in the preparation of such litera- 
ture the same thoroughness and care must be exer- 
cised as in preparing for full registration and pro- 
spectus under the Long Form, S-11; for this material 
may, and probably will, be questioned just as sharp- 
ly and fully as under S-11. 

Form S-11 for registration under the Securities 
Act, when used for shares of exploratory mining 
companies, calls for considerable care and expense 
in its preparation. In addition to the cost of prepara- 
tion of the registration statement, there is the actual 
cost of printing the statement, making amendments 
which aside from the delay may sizably increase 
the printing bill, and printing the prospectus. Per- 
haps $15,000 to $20,000 may approximate the total, 
but higher figures have been quoted. 

It has been pointed out by an officer with SEC 
that by far the greater portion of the cost of floating 
a security issue with the public, particularly in the 
case of small issues, consists of underwriters’ com- 
missions and discounts and not the actual expenses 
of registration. Presenting figures for the year 1945 
through 1947, the SEC Chairman contended that the 
average cost of flotation for nineteen registered 
issues of $500,000 or less was 21.9 pct, with the 
underwriters’ commissions and discounts averaging 
17.7 pet, or about 80 pct of the total flotation costs. 
tion costs. 

It appears that this statement is quite in line with 
the facts but it should be noted that the spread can 
be considerably wider in the case of more highly 
speculative offerings where the amount involved is 
less than $300,000. A typical instance of this sort 
was the “ABC” Tungsten Mining Company for 
which the total public offering of stock amounted to 
$299,850. Underwriting discounts and commissions 
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were estimated at $74,962, or about 25 pct of the total 
price to the public. Expenses of the issue, including 
legal and accounting expense in connection with the 
underwriting, totaled some $25,000 or about 8 pct. 
Thus, there was a total spread of 34 pct of the price 
to the public or a mark-up of close to 50 pet above 
the net proceeds to the company. 

In summary, the time lost in preparing a registra- 
tion statement and the expense involved in obtain- 
ing the detailed, accurate information required by 
the Commission, have discouraged the mining claim- 
owner from seeking development funds through 
public financing. 

Add to this the high “take” of the underwriter 
and the vendor is often under considerable pressure 
and temptation to underestimate his financial re- 
quirements, particularly if by so doing he can keep 
his offering below the $300,000 total and thus use the 
Letter of Notification under Regulation A instead of 
full registration. Thus, in many cases the new ven- 
ture finds itself short of working capital and the 
embryo mine development dies aborning. 

The public financing picture is indeed rather dis- 
couraging to the seeker of venture capital for small 
scale mine financing. So widespread is the belief 
that a stock offering pursued through legal chan- 
nels is a thoroughly unsatisfactory procedure that 
for many years few registrations have been entered 
with SEC for mine financing using the “Long Form.” 
Those using the Letter of Notification, or “Short 
Form,” have been usually of ultra-speculative 
character. 

SEC has published a list of certain views bearing 
on mine financing that are excerpts from various 
decisions following “stop-order” actions. Space does 
not permit a complete recital of the whole list, but 
some of the more interesting views may be com- 
mented upon. 

A sharp distinction is drawn between the devel- 
opment and productive stages of a mine and it is 
held to be misleading to imply that a property is in 
production when the work is only exploratory or 
development in character, even if ore is being milled 
or shipped. In reverse, it is misleading to claim a 
property is in the development stage when it is 
actually in production, particularly if operating 
losses were capitalized to conceal the character of 
the work. 

Especially emphatic is SEC’S insistence that 
proper engineering procedure must be used in de- 
scribing ore reserves. When data are presented 
relative thereto, there must be present a systematic 
collection of facts regarding the ore bodies, or in 
plain words, a conventional assay map compiled 
according to good engineering standards. Quanti- 
tative statements regarding tonnages of “possible 
ore” are held to be misleading, hence ore reserves 
can properly include only positive and probable ore, 
ore in the approved nomenclature, measured and 
indicated. 

It is held to be misleading to state the average 
value of a number of samples based on a calculation 
which took no account of the sample width of the 
respective samples. When property valuation is 
based upon estimated earnings from mining opera- 
tions to extend over a period of years, the expected 
profits should be reduced to present value using the 
Hoskold formula, or some similar method. 

None of the opinions of SEC will conflict with 
professional standards used by experienced mining 
engineers and should entail no difficulties in follow- 
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ing them. However, they do make it hazardous for 
a promoter without technical or practical experience 
to attempt to write a prospectus that will be really 
informative, yet enthuse purchasers. The commis- 
sion has emphasized that it is not only necessary to 
disclose facts, but it may be misleading not to reveal 
something the suppression of which may give a 
wrong impression of the merit of the property. 

Of more importance to the promoter is the re- 
quirement of complete disclosure of the real cost of 
the property to him, prohibition of a pro-forma 
balance sheet unless a firm commitment has been 
made by a responsible underwriter, disclosure of 
discounts and commissions to underwriters, net 
amount that will go to the company after payment 
of the underwriting spread, and details of the appli- 
cation of the proceeds. Obviously, the more the pro- 
moter and the underwriter get out of the financing, 
the less goes into the company’s treasury and in cold 
figures this may make a rather discouraging picture 
to the prospective investor. 

The reputation of the underwriters and the pro- 
moter are all-important in the success of public 
financing. A well-known, thoroughly reliable invest- 
ment house can undertake the financing of a mining 
property and make disclosures in the prospectus that 
would appear to frighten away even the most reck- 
less speculator, yet investors may be eager to sub- 
scribe for shares because they rely on the integrity 
and sound business judgment of the firm that offers 
them. 


Summary and Conclusion 


By way of recapitulation and summarization of the 
subject matter of this study and viewing it in broad 
prospective, it appears to the authors that the fi- 
nancing of new mining ventures in this country, 
particularly if they are medium or small sized proj- 
ects, is beset with many problems quite apart from 
the heavy expenses which may be involved, and that 
many of these difficulties are the result of long range 
trends which have been exerting greater impact 
upon the development of the mining industry and 
which are largely beyond the control of the individ- 
uals involved. 

In addition to this, and inescapably involved, 
there is the growing importance of government 
participation in the field of mine exploration, de- 
velopment, and financing. This trend, which had 
been in progress at a slow pace over a long period 
of years, has been markedly accelerated over the 
past two decades. The increasing tide of government 
control and intervention has not been confined to 
the extractive industries alone, but it is readily un- 
derstandable how this trend is particularly pro- 
nounced in the field of mineral resources. It may be 
rationalized, if not fully and completely justified, 
from the standpoint of the government with respect 
to national welfare and security. Moreover, it may 
be pointed out that this invasion of the spheres of 
private initiative and venture tends to be enlarged 
by other basic policies of government, such as strict 
regulatory policies and taxation of corporate and 
personal incomes. 


Reprints of “Financing Domestic Mining Ven- 
tures”, including Parts | and II, are available at 
a cost of (35¢) per copy. Due to cost of handling, 
remittances must accompany orders for reprints 
of this article. 
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Coal Burning Boiler Plants Can Be 


Economical for Small Mines 


by D. M. Given and C. A. Marshall 


OW much can the mine operator afford to spend 

on his coal burning boiler plant? The usual 
answer is as little as possible and still get the job 
done. Thus, attention must be focused on the spot 
where excessive costs are most likely to arise — 
the materials handling end of the job. Boiler plants 
consuming less than 30,000 tons of coal annually 
can be controlled to the point where costs for hand- 
ling coal and ashes are under $1.00 per ton. There 
is a wide selection of coal and ash-handling sys- 
tems that can be used in smaller boiler plants to 
provide labor savings and convenience required if 
management is to accept coal as fuel. 

Economy of fixed charges as well as operating 
costs must be considered in selecting a system. In 
balancing fixed charges against operating costs, to 
evaluate different systems, all handling charges 
should be considered on a common basis of cost per 
ton of coal consumption. Table I illustrates labor 
charges per ton for full time coal and ash men in 
various sized plants, based on a $3600 annua) wage. 
It also shows that the limit of 25¢ per ton will 
not support full time handling labor in plants burn- 
ing less than 15,000 tons of coal per year. In this 
smaller type of plant it is essential to avoid job 


D. M. GIVEN and C. A. MARSHALL are associated with the 
Fairmont Coal Bureau, New York City. 


classifications which cannot be assigned to the boiler 
operator or part time labor. 

Maintenance plays an important part in costs. 
Because investment limitations are a factor, it is not 
always possible to select the handling equipment 
giving the lowest maintenance cost. In the plant 
category considered in this article maintenance costs 
may run from 15 to 25¢ per ton of coal consumption. 
Improperly designed systems can shoot the cost 
even higher. 

The graph on the next page presents costs of 
systems considered adequate for several plant sizes. 
It also indicates that fixed charges can be controlled 
to about 45 or 50¢ per ton of consumption, using 
a conservative fixed charge rate of 15 pct per year. 

A limit of $500 to $5000 is indicated (p. 686) for 
plants burning less than 5000 tons of coal annually. 
Off-track plants receiving truck deliveries directly 
to the storage bin need mechanization only from 
storage bin to stoker. Unless the siding is located 
directly over the storage bin, rail deliveries require 
additional equipment. A _ portable belt conveyor 
costing between $300 and $1500, inserted into the 
shallow pit below the tracks will serve to move coal 
to storage areas. An additional investment of $1000 
may be justified for a portable car unloader which 
eliminates need for pitting below car tracks. The 


LEFT: Lift truck equipped with shovel attachment scoops coal into stoker hopper with minimum labor, remains available for 
other jobs. RIGHT: Monorail hoist with coal and ash bucket is another cost-cutting installation to reduce labor force needed 


in boiler plant. 
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Labor Cost Per Ton of Coal at $3600 Annual 
Wage Rate 


Coal Used, Labor Cost, Dollars Per Ton 

Tons Per Year 1 Man 2 Men 3 Men 
1,500 2.40 4.80 7.20 
6,000 0.60 1.20 1.80 
10,000 0.36 0.72 1.08 
15,000 0.24 0.48 0.72 
20,000 0.18 0.36 0.54 
30,000 0.12 0.24 0.36 


unit rests on top of the tracks and moves coal from 
under the car to the portable conveyor. 

Installed cost of a simple monorail hoist runs 
from $500 to $1000. The boiler operator fills the 
wheel-mounted bucket with coal and pushes it to 
the stoker hoppers. It is then hoisted and pushed 
along a monorail track for dumping directly to the 
stoker hoppers. Bucket capacities to 700 lb are 
practical. 

Lift trucks may be equipped with a scoop attach- 
ment for handling both coal and ashes. Prices range 
from $2800 to $4500, depending on capacity and 
tires. Bucket capacities from 750 to 2000 Ib are 
practical. 

Bin-fed stokers are used successfully in many 
smaller plants. The stoker feed screw is simply ex- 
tended back to the storage bin. With hopper-model 
stokers, a separate screw conveyor can be installed 
between the storage bin and the stoker hopper. In- 
stallation price runs between $700 and $1500, 


Silo System for 15,000 Ton-Per-Year Plant 

A plant with a maximum steam load of 85,000 Ib 
per hr and a 40 pet load factor will consume about 
15,000 tons per year, or an average of 300 tons per 
week. A concrete-stave silo with 300 ton capacity, 
of which 20 pet is on a live shelf, would cost $7500 
to build. Unloading conveyors sized for 35 tons per 
hr would permit one-shift handling of more than 
four times the average daily consumption. Track 
hopper, feeder and bucket elevator would cost ap- 
proximately $12,000 installed. The screw conveyor 
would be sized for about 8 or 9 tons per hr at a cost 
of $3000 to $4000 installed. 

With the addition of $3000 for automatic scales 
and $2000 for car shaker and car thawer, total cost 
of a system handling about 15,000 tons per year is 
approximately $28,000. Modifications can either 
reduce or increase the cost. For example, a skip hoist 
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instead of a bucket elevator would raise costs an- 
other $20,000. 
Arching Troubles 

Some equipment designers have given little at- 
tention to the arching of wet coal in storage bins 
and chutes, beyond provision of “poke holes” and 
vibrators which the boiler operator may resort to in 
emergencies. The excuse that coal is too wet is not 
valid. Handling systems should be designed for 
coals that might be used, rather than coals economi- 
cally unavailable to the plant. Any type of bin or 
chute can be designed to avoid arching troubles. 
Basically, the following must be considered: 

1. Discharge openings from a bunker or silo 
should have a minimum diameter of 14 to 18 in., 
depending on maximum moisture content of the 
coal. Conveyors or feeders from the bin discharge 
should be equally as wide because the minimum 
cross section prevails in any gravity-flow system. 

2. Storage shelves and bin bottoms should be 
sloped at 45° to avoid spontaneous combustion. 
Steeper slopes are to be avoided because of the 
“wedging” effect created above the discharge, even 
if some coal with a steeper angle of repose has to be 
hand trimmed off the slope in emptying the bin. 

3. When practical, chutes and bins should be de- 
signed for an angle of repose of about 60°. Thus, a 
silo with a height to diameter ratio of about 3 to 1 
offers substantial advantage over shallow overhead 
bunkers some of which may have less than 50 pct 
of capacity in true live storage. 


Ash Handling 
Coal handling convenience should take preference 
over ash handling. Hoist buckets and other portable 


Type of Coal 
Coal Used, Handling System Silo, 
Tons Per Year Coal Ash Tons 


300 
2,000 
5,000 


Monorail Hoist 
or Bin Feeder 
or Lift Truck 


6,000 Silo’ Hoist 120 
9,000 Silo Pneumatic 180 
12,000 Silo Pneumatic 240 
18,000 Silo Pneumatic 360 
30,000 Silo Pneumatic 600 


' Portable conveyors only from track hopper to elevator 
‘Includes track hopper and car shaker 


Typical Installed Costs 


of Handling Systems 


Track Installed Cost, Investment, 
to Silo, Dollars $ Per Annual 
Tons Per Hr Coal Ash Ton Coal 


2.67 
800 = to 3,700 to 1.85 
1,200 to 5,000 to 1.00 


25 14,000 1,000 2.50 
25 20,000 12,000 3.71 
25 27,000 16,000 3.58 
35 36,000 21,000 3.17 
50 42,000 25,000 2.23 
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STEAM JET 
E XHAUSTER 


ASH RECEIVER-~ AIR 


FLY ASH COLLECTOR 


SH GRID 


systems are ideal for small plants. 
hydraulic sluicing systems for ash disposal start at 
$12,000 erected. Where ash cannot be sluiced to a fill 
area, decanting tanks are required, making sluicing 
systems excessive in cost for the plants considered 
here. 

Figure above shows a pneumatic system with in- 
takes in the operating floor directly in front of each 
ash pit door, and fly intakes at each fly-ash collector. 
The boiler operator can operate this system, includ- 
ing raking of bottom ash to the intake openings. 
These intakes may be located inside the ash pit or in 
the basement under a conventional ash hopper. Pro- 
vision should be made for easily extracting and 
breaking up large clinkers. An extra man would 
have to be available for basement work during ash- 
removal periods. 

Disposal system air flow is produced by a steam- 
jet ejector arranged to prevent steam mixing with 
the ash and causing storage bin freezing. An ash 
receiver is placed ahead of the steam jet to discharge 
the ash to the storage bin. Exhaust from the steam 
jet is then piped either to an air washer or to the 
rack, minimizing the amount of ash discharged to 
the atmosphere. 


Portable thawing equipment, ABOVE, and inexpensive trackside 
car shaker, RIGHT, raise efficiency and lower handling costs in 
areas with severe climate. 


Pneumatic or 


WASHER 


LEFT: Pneumatic system can 
be handled by boiler operator, 
except for an extra man in 
basement during ash handling 
periods. Ash intakes are in the 
operating floor directly in front 
of each ash pit door. 


GROUND 
STORAGE 


LIVE STORAGE SHELF CHUTE 


AUTOMATIC SCALE 
SCREW CONVE YoR 


& GRATING 
4+ 


| 


PT 
CHUTE 
RECIPROCATING FEEDER 


Push-button system for handling coal uses bucket elevator to upper 
bin section, and gravity feed to boiler-feeding screw conveyor. 
System has minimum handling requirements and would be suitable 
for installation in an older, congested location. 
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Lift Speeds Timber 
Handling 


Hard pressed by rising costs and competition from 
other fuels, coal mine operators are coming up with 
plenty of cost-slashing ideas. Many methods used 
in coal mines provide more than the germ of an 
idea for noncoal miners—some devices would work 
even better in hard-rock mining. Timberlift, dis- 
played at the recent Coal Show, is one of these de- 
vices that may see wider usage. 

Engineers of the Lansford, Pa., operation of the 
Lehigh Navigation Coal Co. called on Ruger Equip- 
ment Inc., of Uhrichsville, Ohio, to develop a device 
to make each timber handling crew a mechanized 
unit. Timberlift is the result. 

Designed to provide each timber crew with inex- 
pensive mechanization, independent of power 
sources, the lift picks timbers up from tunnel floor 
or flat car, raises, and holds them in place. Low 


Lift swings timber from car onto cradle before pushing it 
up into place. 


Timber is lifted from cradle and held in place. 


headroom requirements lift capacity greater than 8 
ft., and hand-powered hydraulic lift cylinder permit 
flexible use. 

Cradles built for timber 6-in. size and larger are 
vital part of the operation, enabling the arm to first 
pick timber up with a chain, rest it on a cradle, 
then push it into place. Only 20 to 40 lb of effort is 
required on the hydraulic pump, and the operation 
of raising and placing timber takes less than a 
minute. 

With a 2000-lb capacity, Timberlift weighs about 
350 lb, and only mounting required is for swivel 
base permitting 360° rotation of lifting arm. Present 
price is approximately $500 complete, ready to 
install. 


Special interest attaches to any means of increas- 
ing resistance to wear and abrasion, for in addition 
to mechanical wear common to all industries, min- 
ing has additional problems of bit and tool wear in 
handling its basic material: rock. One new method 
being tested is bit hardening with a product sold 
under the name of Hard-N-Tuff. Claimed to offer 
major improvement in wear resistance, it is a steel 
hardening compound in powder form. 

Three hardening actions, carburizing, nitriding, 
and chromizing are stated te be accomplished in one 
operation. Photograph shows treated and untreated 
detachable bits after test. Churn drill bits operating 
in taconite were reported to show 25 to 80 pct in- 
crease in bit life for hardened bits over standard 
ones, 

Regular heat treating facilities, muffle furnace, 
gas flame, open forge, or induction heating, can be 
used for four application steps, heating, coating, 
reheating, and quenching. Treatment time is stated 
as less than five minutes, and may be carried out 
during normal resharpening. 
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Hardening for Increased Bit Life 


Photograph shows untreated bit at left that drilled 6 in. 
Bit at right was used as starter for 12 in.; drilled another 
30 in. for total of 42 in., or a 5 to 1 improvement in wear. 
It can be resharpened. Tests were carried out in hard 
hematite, where standard carbide insert bits were stated to 
jast only 36 in. 


~ 
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D 
h 


Crushing Plant Dust Control at The 


Fig. 1\—Pan-feeder and jaw- 
crusher feed enclosure at 
the new Ray crushing plant. 
Photograph shows exhaust 
hoods and ducting. 


Ray Mines Division, Kennecott Copper Corp. 


by John F. Knudsen 


Following the flowsheet from the primary crushing plant of Ray 


mines division through the final products sample mill, there are 
eight exhaust systems ranging in size from 12,000 to 30,000 cfm. 
Where possible, hood face velocities are kept around 500 ft per min, 
permitting branch velocities of 2500 ft per min. Tight-fitting 
enclosures are provided over all ore drops, crushing operations, and 
vibrating screens. All enclosures are exhausted either primarily or 
secondarily, except those around conveyor head-pulleys where the 
ejector effect of the falling ore creates sufficient indraft to abate 


N 1947 an Industrial Hygiene Department was or- 
ganized to represent and assist the four western 
mining divisions in industrial hygiene problems. 
Department headquarters are located at the Utah 
Copper Division, Magna Plant, Magna, Utah, with a 
branch office at the Chino Mines Division, Hurley, 
N. M. The headquarters staff includes a director, a 
department secretary, an industrial hygienist, a 
supervising ventilation engineer, and two ventilation 
designers. To be in closer association with work at 
the Southwest properties, a field engineer at the 
branch office conducts field studies which include 
ventilation problems at the New Mexico and Arizona 
properties, i.e., the Chino and Ray mines divisions. 

Functions of the department are to discover and 
evaluate existing hazards and to develop protective 


J. F. KNUDSEN is Director, Industrial Hygiene Dept., Kenne- 
cott Copper Corp., Garfield, Utah. 

Discussion on this paper, TP 3566B, may be sent (2 copies) to 
AIME before Sept. 30, 1953. Manuscript, Oct. 14, 1952. Revised 
April 10, 1953. Los Angeles Meeting, February 1953. 
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dust dissemination. 


measures, either by personal protective devices or 
by proper ventilation, depending on the nature of 
the contaminant. Other than dust counting, all air 
samples collected at the four properties are proc- 
essed at the home office. If through plant surveys or 
by suggestion of management some type of ventila- 
tion or air conditioning is required, the problem is 
usually handled by the ventilation section of the 
headquarters department, where general arrange- 
ment or line drawings are prepared, showing hoods, 
ducting, and equipment. Some hood and special 
parts detailing is done at headquarters; otherwise, 
required detailing is done by the respective plant 
engineering departments. 

Prior to the design of industrial ventilation, either 
new projects or the revamping of old ones, a thor- 
ough survey is made of existing conditions. In so far 
as possible weighted average exposures are deter- 
mined and adequate ventilation provided on the 
basis of maximum allowable concentrations of the 
contaminant in question, as well as medical case 
histories, if these are available. 
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The Transactions papers appearing in Mining Engineering during 
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PRIMARY CRUSHING PLANT 
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SIZE 


ROTARY 


VIBRATING 
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SAMPLE 


Fig. 2—Diagram of exhaust systems from primary crushing plant through final crushed product sample mill. 


Until Kennecott’s new Utah refinery came into the 
picture the major products of Kennecott Copper 
Corp. Western Mining Properties were copper con- 
centrates and smelted copper; the principal concern 
of the Industrial Hygiene Department, therefore, 
was to control dusts in the mines and crushing 
plants. This was accomplished by dilution or by ex- 
haust ventilation. In the crushing plants at Ray, 
exhaust ventilation was employed exclusively. 

When the decision was made to augment the ore 
supply from underground with that of ore from open 
cut operations, it became evident that existing 
crushing plant facilities were inadequate to process 
the additional tonnage. As an underground opera- 
tion the mine produced about 5000 tons of ore per 
day, whereas under the new plan the tonnage was 
to be stepped up to 15,000 tons per day, 12,000 tons 
from open pit operations and 3000 from the under- 
ground workings. The crushing is done on two 8-hr 
shifts at approximately 900 tons per hr. 

Preliminary to the design of exhaust ventilation 
for the Ray property, rafter dust samples collected 
from the old crushing plant were analyzed and sent 
to dust collector manufacturers, who determined the 
settling rate, the particle size, and the collector 
efficiency ratings. 

The main orebody consists principally of schist 
with intrusions of diabase. Chalcocite is found in 
the schist, intermingled with pyrite in ribbonlike 
stringers throughout the workings. Soluble copper, 
in varying degrees throughout the mine, is mainly 
in the form of copper sulphate. The percentage of 
soluble copper salts increased when operations in the 
open cut mine were begun. This created a problem 
of corrosion in the dust collectors, much more pro- 
nounced than was anticipated from knowledge 
gained by samples of rafter dust collected from the 
old crushing plant. 

The schist type of ores were found to be water 
repellent, and when finally wetted became very ad- 
hesive, sticking to the conveyor belts and idlers. The 
dribble problem that ensued was most difficult to 
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cope with because of the number and length of the 
conveyors. Obviously this characteristic ruled out 
the possibility of using any form of water spray 
preliminary to and during crushing operations. 


Exhaust System Design Characteristics 


Estimating of air volumes to be exhausted from 
enclosures and housings continues to be more of an 
art than a science, although several engineers in the 
field have made some progress toward standardiza- 
tion. In a paper published in 1949 an attempt was 
made, using water droplets, to determine the extent 
of displaced air caused by material falling into a 
tank. The empirical formulas developed in this 
paper are not directly applicable for use in the field 
but were a start in the right direction, to be fol- 
lowed by a more practical plant operations approach. 

On large-scale operations, where many variabies 
exist, past experience and field experimentation con- 
stitute the principle criteria for establishing re- 
quired exhaust volumes. Ideas of enclosing the 


Fig. 3—Grizzly undersize product pan-feeder enclosure, 
showing access door and recessed lighting. 
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Fig. 4—Conveyor enclosure between crusher and pan- 
feeder discharges. Note distance of the exhaust point 
from the conveyor. 


many different types of machines and locating the 
exhaust hoods vary extensively, depending on the 
type of machine, the need for accessibility by the 
operators and maintenance crews, and the available 
space around the equipment for housing, hooding, 
and provision of adequately sized ducting. When 
exhaust ventilation is engineered conjointly with 
the design of the plant the pitfalls of inadequate 
space are overcome, but the situation is complicated 
by many unknown factors that cannot be tested 
before completion of the final installation. Some 
flexibility must be provided to cope with minor dis- 
crepancies in design. 

Air flow distribution in exhaust systems can be 
accomplished in one of two ways, by orifices or 
dampers or by properly adjusted pipe sizes. Al- 
though employment of the first method is wide- 
spread, there are disadvantages such as rapid wear 
due to restricted area, tampering by unauthorized 
personnel, and often the complete removal of 
dampers. In so far as continued successful opera- 
tion is concerned, the use of regulated pipe sizes is 
the better of the two methods. On Ray installations 
this method was employed on all dust control sys- 
tems with the exception of the sample mill exhaust 
system, where diversified control was advantageous. 
With minor exceptions the system for balancing the 
air flow in the exhaust systems closely followed the 
method outlined by Drinker and Hatch.’ Ducting 
loss calculations were based on a compilation of 
data taken from several sources** as well as field 
data developed by the ventilation department. 

Wherever possible, hoods were designed so that 
entering face velocities could be kept under 500 ft 
per min. Otherwise the openings were located a 
suitable distance above the dust source to avoid in- 
spiration of large particulate matter. Branch duct 
velocities could thus be kept in the neighborhood of 
2500 ft per min. A good exhaust system is one main- 
taining sufficient indraft at the enclosure openings 
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Fig. 5—Final take-off point on conveyor enclosure. The 
conveyor covers approximately 15 ft beyond the last 
dumping point. 


to prevent dust dissemination but transporting only 
floating dust through the piping system. 


Exhaust System Installations 

Opinions vary among the authorities in the field 
of dust control regarding the size of exhaust systems. 
However, it is the policy of this department to keep 
the installations small for greater flexibility. The 
design of the Ray primary and secondary crushing 
plants was so organized that the various crushing 
and screening processes were amenable to the 
smaller exhaust systems. Typical dust control in- 
stallation is illustrated in Fig. 1. 

Following the flowsheet, as shown in Fig. 2, from 
the primary crushing plant through the final 
crushed product sample mill, there are eight ex- 
haust systems installed to date, with additional ex- 
haust proposed for the underground ore-crushing 
operations. The systems range in size from 12,000 to 
30,000 cfm. 


Fig. 6—Primary screen enclosures, showing the hoods 
and the ducting. 
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The ore from the open pit mine is transported to 
the crusher by 22-cu yd Euclid trucks. A two-gate 
horizontal slide portal admits the ore to the receiv- 
ing hopper wherein grizzly bars separate the fines 
from the oversize product. The oversize material is 
carried by pan-feeder to the large jaw-crusher with 
the undersize, minus approximately 7-in. material 
passing to the undersize bin where it is fed to the 
No. 1 conveyor by a variable speed pan-feeder. Pro- 
visions were made for eventual exhaust from the 
receiving bin, if found necessary. However, sec- 
ondary ventilation is provided by exhaust from the 
enclosure over the oversize pan-feeder and jaw- 
crusher and by ejector effect of fines passing through 
the grizzly section. 


Table |. Primary Crushing Plant Exhaust Systems 


Pan-Feeder, Jaw-Crusher Enclosure, System No. 1 
Cc 


Hoed Location Hoods, No. 


Pan-feeder 1 22,500 
Jaw-crusher feed 1 7,500 
Total 2 30,000 


Ne. 1 Conveyor Leading Point Enclosure, System No. 2 
Volume in 
CFM 


Hood Location Hoods, No. 


Tail of conveyor housing 
Undersize feeder discharge 


2, 
5, 
Crusher product feed 8, 
Head end conveyor housing a 
Total 20, 


500 
500 
000 
,000 
000 


Two ventilation systems, see Table I, are in opera- 
tion over the 16-hr crushing period, one exhausting 
the enclosure over the pan-feeder and the jaw- 
crusher feed opening and one exhausting the feed 
points enclosure over the No. 1 conveyor. Fig. 1 
shows the enclosure over the jaw-crusher feed open- 
ing and over the pan-feeder and jaw-crusher with 
exhaust hoods immediately in front of the portal 
through the curtain wall separating the receiving 
bin from that of the crushing plant proper. 

As indicated in Figs. 3 and 4, the undersize mate- 
rial pan-feeder, as well as the discharge, is com- 
pletely enclosed, with exhaust take-off points sev- 
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Fig. 7—Symons crusher area 
conveyor enclosures, ex- 
haus¢ points about 4 ft off 
conveyor. With this arrange- 
ment, a vertical riser pre- 
cedes a horizontal run, re- 
ducing the possibility of 
material being projected 
into the branch ducting. 


eral feet above contact with the conveyor belt. All 
enclosures are well lighted, lights being housed in 
recessed receptacles to minimize breakage from fly- 
ing rock. As illustrated in Fig. 1, operations are 
visible through windows provided on three sides. 
Access to the enclosure is provided by two sets of 
hand-lifted doors and one roll lift section, activated 
by air, for removing timber and other extraneous 
materials. Fig. 5 shows the final take-off point on 
the housing over the conveyor handling the final 
product leaving the crushing plant. The jaw-crusher 
discharges a product which is no larger than 10 in., 
one dimension. 

Type W Rotoclones with sludge ejectors are used 
as a combined exhauster-collector; specifications are 
given in Table IV. 


Transfer Station 


The transfer station is furnished with exhaust 
ventilation both for protection of equipment and 
workmen, although men are not steadily employed 
at this location. The transfer point is completely 
housed; a type W Rotoclone, with exhaust hoods at 
the tail and head of the ore fall, exhausts 4000 cfm 
from the head and 1000 cfm from the tail of the en- 
closure. 


Secondary Crushing Plant 


As shown in the flowsheet, there are four exhaust 
systems in operation in the secondary crushing 
plant, with additions planned for the system ex- 
hausting the underground ore-receiving bins. When 
the system is completed, a volume of 99,300 cfm will 
be exhausted from the crushing and screening op- 
erations in the secondary crushing plant. 

Symons Crushers Area: Ore from the primary 
crusher enters a distribution box immediately above 
the primary or scalping screens. Two —5x8-ft 
screens separate the ore into +2-in. products. The 
fines are conveyed directly to the surge bin and 
the oversize material passes into a hopper over each 
of two 7-ft cone crushers. The crushers reduce the 
ore to about 1%-in. product. 

The head pulley and primary screens are com- 
pletely housed, see Fig. 6, air being exhausted from 
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Fig. 8—Secondary screen enclosures, with part of surge 
bin and feed chutes shown, east side. 


each screen housing. No air is exhausted from the 
enclosure over the head pulley because the ejector 
effect of the falling ore creates sufficient indraft 
around the pulley to abate escaping dust. The hop- 
per above each 7-ft cone crusher which receives the 
screen Oversize as well as the area surrounding the 
cone is housed, but no exhaust is provided. Secon- 


Table Secondary Crushing Plant Exhaust Systems 


Symons Crushers Area, Exhaust System No. 4 


Hood Location Hoods, No. Each Total 


Primary screen enclosure 2 4,000 

Tail of conveyor enclosures 2 2,000 

Head of conveyor enclosures 2 5,000 
Total 6 


8,000 
4,000 
10,000 
22,000 


Screening Tower, Exhaust System No. 5 


Volume in CFM 
Hood Location Hoods, No. Each 


Surge bins 2,250 

Tail oversize conveyor enclosure 1,500 

Head oversize conveyor enclosure J 

Tail undersize conveyor enclosure 2,000 

Head undersize conveyor enclosure 3,000 

Between undersize screen chutes 750 
Total 


Rolls and Gyratory, Exhaust t System No. 6 


Hood Location Hoods, No. 


Rolls feed hoppers 

Head rolls discharge 

Tail rolls discharge 

Head gyratory discharge 2 

Tail gyratory discharge 2 
Total 10 


Underground Crushing, Exhaust System No. 7 
Volume in 
Hood Location Hoods, No. Rech tal 


Receiving bins (present) 20.590 
Receiving bins ( proposed) 16,000 
Gyratory crusher enclosures 

(proposed) 5,000 
Vibrating grizzly feed enclosures 

(proposed) 5,000 
Vibrating undersize chutes 

(pro 

Total (proposed) 


dary exhaust from above and below eliminates dust 
dissemination at these locations. 

The major portion of the air is taken from tight- 
fitting housings over the conveyors receiving the 
screened and crushed product. Air is exhausted 
from the head and tail of each conveyor housing 
with exhaust hoods several feet from and well above 
feed points on the conveyors. 
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A total of 22,000 cfm is exhausted from the screen 
and conveyor enclosures by a type W Rotoclone, 
with volumes exhausted at each respective hood as 
listed in Table II. 

The total measured volume slightly exceeds that 
of calculated design, but all branch volumes fall 
well within the 10 pct deviation, which is the goal 
set by Kennecott’s ventilation design department. 
If at all possible, as shown in Fig. 7, hoods are lo- 
cated on the housing or over a conveyor transfer 
point so that a vertical riser precedes a horizontal 
run, thus minimizing the possibility of material be- 
ing projected into the branch ducting. 

Secondary Screening Towers: The Symons crush- 
ers product and the undersize from the primary 
screens are conveyed to a 360-ton capacity surge 
bin, situated immediately above the secondary 
screening plant. The ore from the bin is choke fed 
to 10 screens. The undersize, screened to about 2 
pet on %4-mesh screens, is conveyed directly to the 
shipping bins. The oversize material, including the 
underground ore, after passing through two gyra- 
tory crushers, is in closed circuit between the roll 
crushers and the secondary screens. 

As illustrated in Fig. 8, the screens, as well as the 
oversize discharge chutes, are completely enclosed. 
The screen enclosures are ventilated indirectly by 
secondary exhaust from both the oversize and 
undersize product conveyor housings. The convey- 
ors carrying the oversize from the screens are 
housed for the entire length of the screening tower 
with exhaust points at each end. The undersize 
product conveyor is exhausted at the head and tail 
with exhaust points between each screen undersize 
chute as indicated in Fig. 9. Through past experi- 
ence this was found necessary because of the ore 
fall acting as a damper to air flow, which reduced 
the control of dust dispersed by the piston-like ac- 
tion of the ore as it strikes the conveyor. The ex- 
haust points are out of line of direct ore fall, re- 


Fig. 9—Secondary screen undersize product conveyor en- 
closure, showing exhaust between each ore drop. 
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Fig. 10—Exhaust at tail of secondary screen oversize 
product conveyor. Note clean-up chute at end of hous- 
ing and method of lighting ore chutes. 


cessed, and connected to the enclosure about 5 ft 
above the conveyor. Fig. 10 shows an exhaust point 
at the tail of one of the screen oversize product con- 
veyor enclosures. Also shown is a typical clean-up 
chute provided with a self-closing door. Sufficient 
volume is exhausted from the surge bin to maintain 
a negative pressure in the bin at all times. The air 
is exhausted from the top of the enclosed bin to- 
ward both ends. Air volumes exhausted from each 
hood can be found in Table II. 

A volume of 22,500 cfm is exhausted by a type N 
Rotoclone, used as a collector-exhauster. Constant 
dribble from the conveyors leading to and from the 
screening tower made it necessary to house the 
take-up pulleys and provide dribble trays under 
the conveyors. Belt scrapers have been found to be 
of little value, especially when the ore is damp. 


Fig. 11—Gyratory and roll crusher product feed en- 
closures, ducting and hoods partly shown. 
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Where possible the material that sluffs off the belts 
is discharged by chute to an exhausted enclosure. 

Rolls and Gyratory Crushers: The two 72-in. roll 
crushers are in closed circuit with the secondary 
screens, handling the screen oversize which is a 
mixture of both pit and underground ore. Two No. 
8 Gates gyratory crushers reduce the oversize ma- 
terial passing over the vibrating grizzlies to about 
a 2-in. product. Grizzly undersize material is re- 
turned to the surge bin along with that of the prod- 
ucts from the gyratory and roll crushers. 

Like the other crusher discharges, the feed points 
on the conveyor are completely housed, including a 
short section of conveyor between the gyratory and 
roll crushers, see Fig. 11. Openings between the 
enclosure and the vibrating machines are closed 
with old conveyor belting to reduce inordinate air 
inspiration. 

One exhaust system using a type N Rotoclone 
collector-exhauster pulls 24,800 cfm from 10 hoods, 
4 on each conveyor enclosure and 1 on each roll 
crusher feed box. The conveyor enclosure exhaust 
points are located at the front and rear of each 
ore drop. 

At the present time the underground ore-receiv- 
ing bins are ventilated, but no ventilation exists 
over the vibrating grizzlies or gyratory crushers. 
Designs are in the preliminary stage for additional 
ventilation in this area. A total of 30,000 cfm will be 
exhausted by existing equipment. 


Housekeeping 
A central vacuum cleaning system has been or- 
dered to facilitate clean-up work in the secondary 
crushing plant. The unit is designed to handle two 
—2-in. or four 1%-in. hoses continuously. The 
network of piping extends to every nook and corner 


Table Ill. Sample Mill Exhaust System — System No. 8 


Volume in CFM 


Hood Location 


No. 1 transfer 
No. 2 transfer, head pulley 
No. 2 transfer, drop point 
Sample pan-feeder 
Rolls feed chute 
Elevator discharge 
Splitter enclosure 

Total 


in the secondary as well as the conveyor way lead- 
ing to the storage bins. Long radius drainage fit- 
tings with self-closing valves will be used exclu- 
sively. Material collected by the primary and 
secondary separators will be emptied on the final 
products conveyor. At least for the present, no 
vacuum cleaning system has been planned for the 
primary crushing plant. Clean-up chutes with self- 
closing doors have been provided at the tail of all 
conveyors, eliminating air losses through the doors 
often left open after the clean-up work is done. 


Samp! Mill 
A sample of ore is cut periodically at the final 
product conveyor transfer point adjacent to the 
sample tower. The sample is crushed by 24-in. 
rolls, elevated by a bucket elevator, and a portion 
selected by a rotary splitter. The splitter box, rolls 
crusher, elevator housing, and pan-feeder are fur- 

nished with exhaust ventilation. 
Included in the same system is the exhaust from 
two conveyor transfer points, one as the ore leaves 
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the secondary crushing plant and one in proximity 
to the sample tower. At the sample tower con- 
veyor transfer the head pulley enclosure is exhaust- 
ed as well as the ore drop, because the cutting of 
the sample creates an abnormal disturbance that 
cannot be overcome by the exhaust point lower 
down. A type N Rotoclone exhausts 12,000 cfm 
from 7 hoods as shown in Table III. 

Table IV lists the collecting equipment and char- 
acteristics pertaining to each of the eight systems 
described. 


Table 1V. Collector and System Specifications for 
Crushing Operations Exhaust Systems 


Total 
Pressure, 
In., W.G. 


HP 
Required 


Collector Type Size 


Rotoclone 


Rotoclone 
Rotoclone 
Spray Chamber 


Approx 


SC 


Rotoclone 


Determined 
21.6 


* System loss calculated as static pressure rather than total 
pressure. 


Since ore storage bins superstructure is open to 
atmosphere on all sides, there is little need for ven- 
tilation. It is only for short periods that the one 
man employed must enter the dusty areas, during 
which time he wears a dust respirator. 


Plant Atmospheric Conditions 

Quarterly air sampling surveys are made in all 
departments by the Southwest field engineer. At 
these times dust counts are taken near crushing 
and screening operations. Since the secondary 
crushing plant has been in operation for only a short 
time, complete data is lacking, but Table V gives an 
account of dust concentrations as sampled to date. 


Table V. Dust Concentrations in Crushing Plants and Sample Mill 


Dust Concentration 
Million Part. Per Cu Ft 
Sam- — - - 
ples, No. High Lew 


Sample Location Average 


Primary Crushing Plant 
Crusher operating floor 
Crusher drive floor 
Conveyor tunnel 


Secondary Crushing Plant 


Symons crushers operating floor 
Symons crushers drive floor 
Screen tower operating floor 
Screen tower feed floor 

Tunnel under screens 

Roll mill operating floor 

Roll mill feed floor 

Conveyor tunnel under rolls 


Sample Mill 
Ground floor 
Sample cutter floor 
Junction house 


The dust counts were taken under normal op- 
erating conditions with an M.S.A. Midget impinger, 
counted on Hatch cells, with a micro-projector, 
according to the light field technique. Even the high 
counts are within the 10 million particles per cu ft 
of air, designated as the maximum allowable con- 
centration for silica bearing dusts, according to the 
Arizona code. 
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The proximity of the hospital and housing proj- 
ects to the crushing plants was one of the deciding 
factors in selecting the type of dust-collecting equip- 
ment. The effluent from the stacks was to be kept 
to a minimum and the idea of placing collected dust 
back in the ore circuit as dry material was rejected. 
Consequently, because of its high efficiency rating, 
a dynamic precipitator type of collector was chosen. 

Type W Rotoclones were used on the first four 
sytems installed. However, because water at Ray 
is at a premium, the last three systems in the sec- 
ondary crushing plant were equipped with type N 
Rotoclones. Soluble copper salts, present in varying 
amounts in the mine ore, have created a corrosion 
problem in the collectors. By nature of the con- 
struction of the type N, these collectors have shown 
the greatest wear. It was also found necessary to 
apply a protective coating to all inside parts of the 
Rotoclones, except stainless steel parts. 

If the water problem at Ray becomes more acute, 
some method for reclaiming the dust collector water 
may have to be employed. However, this is not 
anticipated for the near future. 


A Changing Trend 

Like the old sweatshop, dirty mines, mills, and 
crushing plants are gradually becoming a thing of 
the past. Management throughout the country is 
aware that dust, mist, and fume control contribute 
appreciably to better industrial relations and mini- 
mize labor turnover. Evaluating ventilation and air 
conditioning is somewhat more difficult than meas- 


“uring metallurgical gains or losses; however, in 


many cases, the cost of labor turnover attributable 
to unsatisfactory environmental conditions will 
amortize ventilation systems. 

It cannot be too emphatically expressed that ven- 
tilation installations are much less expensive if in- 
corporated with the original design of the plant. 
Superimposing is not only more expensive as a rule, 
but often limits.the engineer in providing adequate 
protection. 

Notwithstanding a well-engineered transporting 
system, the proper selection of fans and collecting 
equipment may be the secret of success or failure 
of many types of exhaust ventilation. 
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System 
Num- 
1 36 66.8 
2 Rotoclone 30 44.0 
3 Rotoclone 16 9.8 ; 
4 Rotoclone 30 58.2 
5 32 40.0 
6 32 47.0 
7 Not 
4 4.0 08 1.8 
7 64 0.8 3.3 
5 48 1.6 40 
4 
3 
5 
3 
5 
3 
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1 
1 1.6 1.6 1.6 
2 1.6 0.8 
1 08 08 0.8 


HE increase in the number of coal-cleaning plants 
employing dense-medium processes occurring 
since 1946 is especially interesting when viewed 
historically. Both sand and magnetite were intro- 
duced as material for heavy mediums at about the 
same time, sand in the Chance process in 1921 and 
magnetite in the Conklin process in 1922, but from 
that point on their records diverge. The Chance 
process enjoyed a steady growth from its inception, 
whereas no additional magnetite plants were built 
in the United States for over 20 years. Then, follow- 
ing the close of the World War II, magnetite was 
again introduced, this time with marked success. 
During the following years some 47 plants employ- 
ing magnetite medium were built. 

This rapid growth of dense-medium cleaning has 
been concurrent with widespread adoption of full- 
seam mining on one hand and a return to a more 
competitive market on the other. At a time when 
changing mining practice has provided cleaning 
plants with dirtier coal and changing market condi- 
tions have simultaneously demanded a cleaner prod- 
uct, the industry has through necessity turned to im- 
proved preparation. The inherently greater sharp- 
ness with which dense-medium processes can sep- 
arate coal from impurity is thus helping to hold the 
line against ever-increasing mining costs and at the 
same time assisting materially in retaining badly 
needed markets. 

Although dense-medium cleaning unquestionably 
offers a distinct advantage when the washing prob- 
lem is difficult, other methods can provide almost 
equally high efficiency when the coal is easy to wash. 
Moreover, fine coal cannot yet be treated by heavy 
medium in a proved process, although the Driessen 
cyclone is in the pilot-plant stage. 

Most of the present types of dense-medium equip- 
ment have been in use only a few years, and the 
dearth of information in the literature concerning 
their performance characteristics is entirely under- 
standable. Nevertheless this information is necessary 
if the process is to be intelligently applied to indi- 
vidual cleaning problems. Without data on the effi- 
ciency of a process in a particular type of separation, 
it is difficult to assess the advantage to be expected 
from it, Similarly, the role of particle size in heavy- 
medium separation is important in some cases, yet 
there is little published information on this aspect. 
To mention only one more of the numerous points 
on which essential informaticn is lacking, the bear- 
ing of medium characteristics on performance has 
been discussed only in qualitative terms. 

It was with the hope of providing information on 
some of these points that the Bureau of Mines built 
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Cleaning Various Coals In A Drum-Type 
Dense-Medium Pilot Plant 


by M. R. Geer, W. A. Olds, and H. F. Yancey 


a dense-medium pilot plant for cleaning coal at its 
Northwest Experiment Station in Seattle in 1950. 
The plant has been operated continuously since that 
time, and over 50 runs have been made on 7 coals 
exhibiting a wide range of washability character- 
istics. An idea of the magnitude of this work will be 
gained from the fact that examination of the plant 
products has involved some 600 float-and-sink sep- 
arations and about 2500 ash determinations. 

A laboratory pilot plant is especially well adapted 
to investigate many aspects of performance because 
close control over test conditions can be exercised 
and because a large number of tests can be made 
rapidly. On the other hand, factors such as consump- 
tion of medium and other cost items can be inves- 
tigated satisfactorily only in a commercial plant. 
Actually, the two forms of investigation should be 
complementary, with the laboratory work pointing 
the way for confirming tests in commercial units. 


Pilot Plant 


The dense-medium pilot plant employed for this 
work comprises a 24x30-in. drum-type separating 
vessel, a 12-in. densifier, a 12-in. magnetic separator, 
a 26-in. x 9-ft vibrating screen, and the neces- 
sary pumps and conveyors for handling materials. 
Arrangement of these units corresponds with the 
flowsheet used in most commercial plants, except 
that a thickener is not provided for the feed to the 
magnetic separator. Coal and refuse discharge from 
the separating drum to the vibrator, which is divided 
longitudinally down the center. Medium draining 
through the first 3 ft of the screen is recirculated 
directly to the drum. Sprays on the middle 3 ft of 
the screen rinse medium from the products, and the 
last 3-ft section is for dewatering. Dilute medium 
from the rinsing and dewatering sections is pumped 
to the magnetic separator, where magnetic solids 
are recovered. These are pumped to the densifier, 
from which they return to the medium-drainage 
sump by gravity through a demagnetizing coil. 

The drum-type separating vessel is a scale model 
of acommercial unit. Feed enters axially at one end 
of the drum just below the surface of the bath, and 
float material overflows through a circular opening 
at the other end. Particles sinking to the bottom of 
the bath are picked up by lifting flights bolted to the 
inner wall of the drum, elevated out of the bath, and 
sluiced to the vibrating screen. Baffles suspended in 
the bath prevent float material from entering the 
sink-lifting flights. 

About 8 gpm of medium is used to sluice the feed 
into the drum. An additional 15 to 24 gpm, depend- 
ing upon operating conditions, is added through two 
pipes dipping into the bath behind the baffle on the 
side where the sink-lifting flights enter the bath. 

The bath available for separation is 2 ft long and 
13 in. wide, giving an area of 2.08 sq ft. Depth of 
bath from the surface to the top of the sink-lifting 
flights, measured vertically below the axis, is 6 in. 
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Table |. Identification of Coals Tested 


State County Mine 


Buffalo 

Buffalo 

Surmi 

McKay Strip 

Skookum No.3 

Bellingham Bellingham 
0.1 


Nugget No. 1, 
bottom bench 


Alaska 
Alaska 
Montana Cascade 
Washington King 
Washington Pierce 
Washington Whatcom 
Wyoming Carbon 


when the head over the weir is 1% in. Throughputs 
ranging from 1.5 to 5.2 tons per hr were used in the 
test work, but most runs were made with a feed 
rate of about 1.75 tons per hr. Thus the average ca- 
pacity was about 0.85 tons per sq ft per hr, or from 
20 to 30 pct of that attained in commercial units of 
the same type. The lower throughput per unit area 
is necessary to provide a separating time comparable 
to that in a commercial vessel. A particle of float 
travels the 2-ft length of the small drum in 13 sec, 
approximately equalling the time allowed for the 6- 
ft length of a commercial vessel of the same type. 
With the same treatment time, the commercial drum 
obtains about three times the throughput per unit 
area by employing a horizontal current three times 
as great. 

In comparing drums of such dissimilar size the 
ratio of coal to medium is more indicative of bed 
crowding than throughput per unit area. The small 
drum treats 2.5 to 6.7 lb of feed per gal of medium, 
while the large size treats 4 to 6. Thus, from the 
standpoint of both the time available for separation 
and the degree of crowding in the bath where sep- 
aration takes place, the laboratory unit appears to 
be comparable to its commercial-size counterpart. 

The most serious shortcoming of the small drum is 
its inability to deal with the full range of sizes 
normally treated in a commercial-size unit. Owing 
largely to the shallowness of the bath, and the 
comparatively low head of medium over the dis- 
charge weir required to insure adequate treatment 
time, coal coarser than 2 in. square hole size cannot 
be handled. All but a few of the results presented 
in this report were obtained on feeds of 2 to %4 in., 
square hole; in the remaining tests, the bottom size 
was '% in., square hole. 


Test Procedure 

In most commercial plants, where the same coal 
or the same mixture of coals always is treated, the 
character of the medium required for satisfactory 
plant operation is not subject to great change. More- 
over, the character of the medium used is likely to 
be dictated jointly by the nature of the impurities 
in the raw coal and the operating characteristics of 
the plant. In the pilot plant, however, where coals 
of widely different nature are cleaned, and separa- 
tions ranging from 1.30 to 1.75 sp gr are required, 
the character of the medium is an all-important 
variable. Therefore the first step in preparing the 
pilot plant for a new operation was to select, and 
make provision to maintain, suitable medium. 

The medium characteristic of principal operating 
importance is stability. If the medium is too un- 
stable, either because the magnetite is excessively 
coarse or because the coal being treated supplies no 
clay to assist in stabilization, the differential in 
density between the top and bottom of the bath is 
undesirably high. Conversely, if the medium is too 
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stable, either because of excessively fine magnetite 
or the presence of an undue amount of clay, the 
small density differential generally desired is not 
obtained. For separations at 1.55 sp gr or higher, 
commercial grade A magnetite, 60 to 75 pct through 
325-mesh, proved satisfactory, although with some 
coals containing large amounts of clay a high me- 
dium-cleaning rate was needed to preserve the de- 
sired density differential in the bath. Grade B 
magnetite, 90 pct through 325 mesh, was required 
in treating coals free of clay at a sp gr of 1.40 or 
less. In the range between 1.40 and 1.55, either 
mixtures of grade A and B were used or the coarser 
fractions of grade A were removed from the medium 
by classification to obtain the desired stability. The 
subjects of medium stability and medium contam- 
ination are dealt with more completely elsewhere 
in the report. 

With suitable medium circulating in the plant, 
coal prepared to the desired size is fed to the drum. 
If sufficient coal is available, up to 10 tons is run 
through the plant for a test, giving an operating 
period of about 5 hr. Often, however, the number 
of tests under different operating conditions desired 
for a coal necessarily limits the duration of the 
individual tests to about a half hour each. Regard- 
less of the duration of the run, all of the washed 
coal and refuse is weighed to determine yield and is 
sampled for subsequent examination. 

The washed coal and refuse samples were sub- 
jected to float-and-sink tests at each 0.1 interval! of 
sp gr from 1.30 to 1.80. Each individual density 


Table I. Specitic-gravity Analyses of Coals Tested 


Cumolative 


Coal Sp Gr Wt, Pet Ash, Pet Wt, Pet Ash, Pet 


Buffalo No. 2 Under 1.30 
1.30 to 1.40 
1.40 to 1.50 
1.50 to 1.60 
1.60 to 1.70 
Over 1.70 


Under 1.30 
1.30 to 1.40 
1.40 to 1.50 
1.50 tol 
1.60 to 1 
1.70 tol 
Over 


Under 
1.30 to 
1.40 to 
1.50 to 1 
1.60 tol 
1.70 to 
Over 


Buffalo No. 5 


Surmi 


© 


= 


Raven 


w 


Skookum Under 
1.30 to 
1.40 to 
1.50 to 
1.60 to 
1.70 to 
Over 


Under 
1.30 to 
1.40 tol 
1.50 to 1 
1.60 tol 
1.70 to 1 
1 
1 
1 


ene 


‘ 


w 


Bellingham 


Over 


8 


Under 

1.30 to 
1.40 to LE 
1.50 to 1.60 
1.60 to 1.70 
Over 1.70 


Nugget 


2 
po 
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0 
0 
Under 1.30 
1.30 to 1.40 
1.40 to 1.50 
1.50 to 1.60 , 
1.60 to 1.70 
1.70 to 1.80 
Over 1.80 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.80 
30 
40 
50 
60 
70 
80 
80 


Table Ill. Specific-gravity Analyses of Individual Sizes of 
Bellingham Washed Coal 
Cumulative 
Size, In. Sp Gr Wt, Pet Ash, Pct Wt, Pet Ash, Pet 
2tol Under 1.30 0.0 0.0 
Wt, 23.3 pet 1.30 to 1.40 64.5 11.6 64.5 11.6 
1.40 to 1.50 32.2 21.6 96.7 14.9 
1.50 to 1.60 3.3 29.3 100.0 15.4 
1.60 to 1.70 0.0 100.0 15.4 
1.70 to 1.80 0.0 100.0 15.4 
Over 1.80 0.0 100.0 15.4 
Ito % Under 1.30 02 47 02 4.7 
Wt, 41.8 pet 1.30 to 1.40 72.7 11.1 72.9 11.1 
1.40 to 1.50 23.7 214 96.6 13.6 
1.50 to 1.60 a4 30.8 100.0 14.2 
1.60 to 1.70 0.0 100.0 14.2 
1.70 to 1.80 0.0 100.0 14.2 
Over 1.80 0.0 100.0 142 
% to % Under 1.30 0.7 3.3 0.7 3.3 
Wt, 24.3 pet 1.30 to 1.40 58.0 10.3 58.7 10.2 
1.40 to 1.50 33.2 21.7 91.9 144 
1.50 to 1.60 7.7 32.1 99.6 15.7 
1.60 to 1.70 04 40.3 100.0 15.8 
1.70 to 1.80 0.0 100.0 15.8 
Over 1.80 0.0 100.0 15.8 
to0 Under 1.30 06 3.3 0.6 3.3 
Wt, 10.6 pet 1.30 to 1.40 70.2 94 70.8 9.3 
1.40 to 1.50 21.6 20.1 92.4 11.9 
1.50 to 1.60 6.3 30.9 98.7 13.1 
1.60 to 1.70 09 40.3 99.6 13.3 
1.70 to 1.80 0.2 45.0 99.8 13.4 
Over 1.80 02 50.9 100.0 13.5 
Composite Under 1.30 0.3 3.7 0.3 3.7 
Wt, 100.0 pet 1.30 to 1.40 66.9 10.9 67.2 10.9 
1.40 to 1.50 27.9 21.4 95.1 14.0 
1.50 to 1.60 4.7 31.1 99.8 14.8 
1.60 to 1.70 0.2 40.3 100.0 14.8 
1.70 to 1.80 0.0 100.0 14.8 
Over 1.80 0.0 100.0 14.8 


fraction obtained in this way was then screened at 
1, %, and 4 in. to provide information on the char- 
acter of the separation effected in the individual 
sizes of the feed. Ash analyses were made on all 
size-density fractions. 


Coals Tested 

Table I identifies coals treated in the pilot plant. 
Table II shows specific-gravity analyses. 

The two Alaska coals are from the Buffalo mine in 
the Matanuska field. The coal from the No, 2 bed 
is the cleanest of any tested. In raw form it contains 
only 11.0 pet ash and 6.7 pct of impurity heavier 
than 1.70 sp gr. The impurity is largely shale and 
sandy shale, neither of which distintegrates appre- 
ciably in water or is noticeably tabular in shape. 
The Buffalo No. 5 coal contains over twice as much 
ash and 20.1 pet impurity heavier than 1.80 sp gr. 
A substantial part of this impurity is carbonaceous 
shale, the characteristic particle shape of which was 
tabular. Both Buffalo coals are relatively easy to 
wash. The cleanest portion of both coals is lighter 
than 1.30 sp gr, neither contains an unusually large 
proportion of material of intermediate density, and 
even in the No. 5 coal the percentage of heavy im- 
purity is not unduly high. 

The Surmi coal, from the Belt Creek bed in Cas- 
cade County, Mont., is somewhat more difficult to 
clean than the Buffalo No. 5. It contains about twice 
as much material in the range from 1.50 to 1.70 sp gr, 
and only 1 pet is lighter than 1.30 sp gr. The im- 
purity heavier than 1.80 sp gr, amounting to 16.2 
pet, is largely heavy bone. In fact, this coal is sin- 
gularly free of shale, and contains no clay. The 
bone does not differ from the coal in particle shape. 

The Raven coal, which originated from a strip 
mine in King County, Wash., is much like Surmi in 
that the clean coal bulks largely in the range from 
1.30 to 1.50 sp gr. The 8.9 pct impurity heavier than 
1.80 sp gr present is not in itself formidable. How- 
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ever, this heavy impurity is almost entirely shale 
and heavy bone, both of which have a distinctly tab- 
ular particle shape that renders them difficult to 
separate. 

The Skookum coal, from Pierce County, Wash., is 
unquestionably the most difficult coal of the group 
to clean. The clean coal in this bed is much more 
friable than the shales with which it is associated 
and therefore concentrates in the sizes smaller than 
4% in., which were not treated by heavy medium. 
The feed for the heavy-medium tests analyzed 37.6 
pet ash, and contained 31.8 pct impurity heavier 
than 1.80 sp gr. This amount of impurity in itself 
constitutes a washing problem of more than usual 
difficulty. In addition, the coal contains more mate- 
rial of intermediate density than usual, and the 
proportion of clean coal lighter than 1.30 sp gr, 9.8 
pet, is low. 

The Bellingham coal, from Whatcom County, 
Wash., contains almost no material lighter than 1.30 
sp gr. Nearly 75 pct is in the range from 1.30 to 1.50. 
The 8.9 pct impurity heavier than 1.80 sp gr is 
largely clay that disintegrates readily in water, thus 
adding somewhat to the difficulty of cleaning. 

The Nugget coal is from the bottom bench of the 
No. 1 bed in a strip mine located at Hanna, Wyo. It 
contains only 7.4 pet impurity heavier than 1.70 
sp gr, largely bone and carbonaceous shale. Sixty 
percent of the coal occurs in the range 1.30 to 1.40 
sp gr, an additional 14 pct being lighter than 1.30. 


Evaluation of Performance 

Dividing all washed coal and refuse samples into 
seven specific-gravity fractions, subdividing each of 
these fractions into four size groups, and finally 
analyzing every size-density component for ash 
content is a time-consuming, costly procedure, but 
nothing short of this method provides the complete, 
basic data essential in evaluating the performance 
of any cleaning unit. Naturally space limitations 


Table IV. Specific-gravity Analyses of Individual Sizes of 
Bellingham Refuse 


Cumulative 
Size, In. Sp Gr Wt, Pet Ash, Pet Wt, Pet Ash, Pet 
2tol Under 1.30 0.0 0.0 
Wt, 18.9 pet 1.30 to 1.40 0.0 0.0 
1.40 to 1.50 13 23.7 1.3 23.7 
1.50 to 1.60 39.9 34.5 412 34.2 
1.60 to 1.70 23.1 43.4 64.3 37.5 
1.70 to 1.80 11.5 51.2 75.8 39.6 
Over 1.80 24.2 63.8 100.0 45.4 
lto 2 Under 1.30 0.0 0.0 
Wt, 32.3 pet 1.30 to 1.40 0.0 0.0 
1.40 to 1.50 0.7 24.6 0.7 24.6 
1.50 to 1.60 27.9 35.3 28.6 35.0 
1.60 to 1.70 23.8 43.4 52.4 38.8 
1.70 to 1.80 13.8 52.2 66.2 41.6 
Over 1.80 33.8 68.2 100.0 50.6 
% to % Under 1.30 0.0 0.0 
Wt, 26.3 pet 1.30 to 1.40 0.1 10.1 0.1 10.1 
1.40 to 1.50 0.3 23.6 04 20.2 
1.50 to 1.60 13.6 35.3 14.0 34.9 
1.60 to 1.70 23.6 43.2 37.6 40.1 
1.70 to 1.80 17.1 51.6 54.7 43.7 
Over 1.80 45.3 70.3 100.0 55.7 
% too Under 1.30 0.0 0.0 
Wt, 22.5 pet 1.30 to 1.40 0.3 7.7 0.3 7.7 
1.40 to 1.50 04 21.6 0.7 15.6 
1.50 to 1.60 5.2 32.9 5.9 30.9 
1.60 to 1.70 9.6 418 15.5 37.6 
1.70 to 1.80 8.6 50.5 24.1 42.2 
Over 1.80 75.9 79.0 100.0 70.1 
Composite Under 1.30 0.0 0.0 
Wt, 100.0 pet 1.30 to 1.40 0.1 8.9 0.1 8.9 
1.40 to 1.50 0.6 23.7 0.7 21.5 
1.50 to 1.60 21.3 34.9 22.0 34.5 
1.60 to 1.70 20.4 43.2 42.4 38.7 
1.70 to 1.80 13.1 51.6 55.5 418 
Over 1.80 44.5 72.5 100.0 55.4 
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Table V. Specific-gravity Analyses of Individual Sizes of 
Bellingham Feed 


Cumulative 
Size, In. Sp Gr Wt, Pet Ash, Pct Wt, Pet Ash, Pct 

2tol Under 1.30 

Wt, 22.4 pet 1.30 to 1.40 53.6 11.6 53.6 11.6 

1.40 to 1.50 27.0 21.6 80.6 14.9 

1.50 to 1.60 9.5 33.0 90.1 16.9 

1.60 to 1.70 3.9 43.4 94.0 18.0 

1.70 to 1.80 1.9 51.2 95.9 18.6 

Over 1.80 4.1 63.8 100.0 20.5 

lto % Under 1.30 0.2 4.7 0.2 47 

Wt, 39.9 pet 1.30 to 1.40 60.9 11.1 61.1 11.1 

1.40 to 1.50 20.0 214 81.1 13.6 

1.50 to 1.60 7.4 33.6 88.5 15.3 

1.60 to 1.70 3.8 43.4 92.3 16.5 

1.70 to 1.80 2.2 52.2 94.5 17.3 

Over 1.80 5.5 68.2 100.0 20.1 

to 4 Under 1.30 0.6 3.3 0.6 3.3 

Wt, 24.7 pet 1.30 to 1.40 45.7 10.3 46.3 10.2 

1.40 to 1.50 26.2 21.7 72.5 14.4 

1.50 to 1.60 9.0 33.1 81.5 16.4 

1.60 to 1.70 5.3 43.0 86.8 18.1 

1.70 to 1.80 3.6 51.6 90.4 19.4 

Over 1.80 9.6 70.3 100.0 24.3 

‘4 to0 Under 1.30 04 3.3 04 3.3 

Wt, 13.0 pet 1.30 to 1.40 45.9 94 46.3 9.3 

1.40 to 1.50 14.2 20.1 60.5 11.9 

1.50 to 1.60 5.9 31.5 66.4 13.6 

1.60 to 1.70 3.9 416 70.3 15.2 

1.70 to 1.80 3.2 50.2 73.5 16.7 

Over 1.80 26.5 78.8 100.0 33.2 

Composite Under 1.30 0.3 3.7 0.3 3.7 

Wt, 100.0 pet 1.30 to 1.40 53.6 10.9 53.9 10.9 

1.40 to 1.50 22.3 21.4 76.2 13.9 

1.50 to 1.60 8.1 33.1 84.3 15.8 

1.60 to 1.70 42 43.1 88.5 17.1 

1.70 to 1.80 2.6 51.5 91.1 18.1 

Over 1.80 8.9 72.4 100.0 22.9 


require that such voluminous data be presented in 
only summary form in a report of this kind, but an 
example of the complete information for a test in the 
pilot plant is presented in this section to illustrate 
the methods of interpreting and summarizing data 
employed in the balance of the report. 

Tables III and IV, respectively, show the specific- 
gravity analyses of the individual-size fractions of 
washed coal and refuse produced in a test on Bell- 
ingham coal. Table V shows comparable data for 
the feed, calculated from the analyses of the two 
products; such calculated feeds were used exclu- 
sively in the present work to eliminate as completely 
as possible the influence of degradation. 

The overall result of this test was to produce a 
washed coal of 14.8 pct ash from a feed of 22.9 pct, 
with a yield of 80.0 pct; the 20.0 pct refuse rejected 
analyzed 55.4 pet ash. Examination of the specific- 
gravity analyses of washed coal shown in Table III 
shows that the 2 to l-in. and 1 to %-in. sizes were 
entirely free of material heavier than 1.60 sp gr. 
The % to %4-in. size contained 0.4 pct of such ma- 
terial, but its presence increased the ash content of 
that size by only 0.1 pct and had no effect on the 
ash content of the washed coal as a whole. Only in 
the degradation material finer than %4 in. was there 
any impurity heavier than 1.70 sp gr. 

Similarly, examination of the data for refuse in 
Table IV discloses that only in the coarsest size 
group was there more than 1 pct of coal lighter than 
1.50 sp gr. Considering all sizes together, less than 
0.5 pet of the refuse was coal analyzing 14.8 pct ash, 
the quality of the washed coal produced. 

Table VI summarizes the ash reduction effected in 
each size of the raw coal, and shows the correspond- 
ing Fraser and Yancey efficiency values. Efficiency, 
as the term is used in this report, is the ratio, ex- 
pressed in percentage, of the yield of washed coal 
actually obtained to the yield of float coal of the 
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same ash content shown to be present in the feed by 
specific-gravity analysis. The efficiency for all sizes 
combined was 99.9 pct, while that for the '% to \%4-in. 
fraction was 99.5 pct. The value of 98.6 pct for the 
¥44-in. to 0 material is not particularly significant 
because this size is formed largely through degrada- 
tion, much of which takes place after the coal leaves 
the separating bath. 

Also presented in Table VI are the distribution 
data for the test, which shows what percentage of 
each density fraction of the feed was recovered in 
the washed coal. These data are calculated from the 
specific-gravity analyses of the washed products. In 
the two coarsest size fractions there was perfect 
recovery of all coal lighter than 1.40 sp gr, and per- 
fect elimination of all material heavier than 1.60. 
In the % to %4-in. fraction recovery of coal was 
almost perfect, but elimination of impurity was im- 
paired slightly; 6.1 pct of the 1.60 to 1.70 sp gr 
fraction entered the washed coal. The influence of 
particle size in the heavy-medium bath is shown 
most clearly in the treatment of material of inter- 
mediate density. In the 1.50 to 1.60 sp-gr fraction, 
for example, the percentage recovery increased pro- 
gressively with decrease in particle size, from 29.1 
in the 2 to l-in. group to 67.6 in the material of ‘ 
to %4-in. 

Fig. 2 shows the distribution curve obtained by 
plotting the distribution data for the combined sizes 
of feed. The method of plotting this curve and its 
significance has been discussed previously.’ Through- 
out the present report the specific gravity of separa- 
tion is that at which the distribution curve crosses 
the 50 pct ordinate, indicating that material of this 
specific gravity was divided equally between washed 
coal and refuse. As shown by the curve, the specific 
gravity of separation for all sizes combined was 1.55. 
The two coarsest fractions of the feed were separat- 
ed at 1.54, while the % to %4-in. material was sep- 
arated at 1.57. 

The distribution curve also provides a convenient 
means for characterizing the sharpness with which 


Table Vi. Summary of Performance of Pilot Plant on 
Bellingham Coal 


Com- 
Size Fraction, In. posite 
2 1 % 2 


tol tote too to 


Screen analysis of feed, pct 224 39.9 247 13.0 100.0 
Screen analysis of washed coal, 
pet 23.3 41.8 24.3 10.6 100.0 
Screen analysis of refuse, pct 18.9 32.3 26.3 225 1000 
Ash content of feed, pct 20.5 20.1 24.3 33.2 22.9 
Ash content of washed coal, pct 15.4 14.2 15.8 13.5 14.8 
Ash content of refuse, pct 45.4 50.6 55.7 70.1 55.4 
Yield of washed coal, pct 83.2 83.8 78.7 65.2 80.0 
Theoretical yield, pct* 83.3 83.8 79.1 66.1 80.1 
Recovery efficiency, pct 99.9 100.0 99.5 98.6 999 
Distribution data, pct recovered 
in washed coal 
Under 1.30 100.0 1000 1000 1000 100.0 
1.30 to 1.40 100.0 100.0 99.9 994 100.0 
1.40 to 1.50 99.2 99.4 99.7 98.9 90.5 
1.50 to 1.60 29.1 38.8 67.6 69.7 46.9 
1.60 to 1.70 0.0 0.0 6.1 15.7 3.8 
1.70 to 1.80 0.0 0.0 0.0 49 0.0 
Over 1.80 0.0 00 0.0 06 0.0 
Specific gravity of separation 1.54 1.54 1.57 1.59 1.55 
Error area 6 W 18 15 
Sink in washed coal, feed, pct? 12 12 16 11 12 
Float in refuse, feed, pett 22 17 18 1.5 24 
Total misplaced materialt 34 29 34 26 3.6 


* Float-and-sink yield at ash content of washed coal 
t At specific gravity of separation 
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PERCENTAGE TO WASHED COAL 
PERCENTAGE TO REFUSE 


SPECIFIC GRAVITY OF SEPARATION — 


16 18 
SPECIFIC GRAVITY 


Fig. 1—Distribution curve for test on 2 to 
Bellingham coal. 


the separation between coal and impurity was made. 
The curve representing a perfect separation would 
be composed of three straight lines; at densities less 
than the specific gravity of separation this perfect 
curve would show 100 pct recovery in the washed 
product, and at higher densities it would indicate 
100 pet rejection in the refuse product. The area be- 
tween the distribution curve actually obtained and 
the curve representing a perfect separation is thus 
a measure of the sharpness of separation. This area, 
when the curve is plotted to a fixed scale, is termed 
error area. In Fig. 2 it is indicated by cross hatching. 
The error area for all sizes combined in this test was 
15. By particle size, it varied from 6 in the 2 to 1-in. 
fraction to 18 in the material of % to %4-in. 

In a general way, error area is a characteristic of a 
particular cleaning device and is not influenced di- 
rectly by the specific-gravity composition of the 
coal being cleaned. For a given device it varies 
through only a relatively narrow range. Recovery 
efficiency, on the other hand, is determined jointly 
by the characteristics of the cleaning device, the 
density at which the separation is made, and the 
specific-gravity composition of the raw coal. Thus 
it varies over a comparatively wider range, depend- 
ing on the coals treated. 

The percentages of misplaced material given in 
Table VI, sink in the washed coal and float in the 
refuse at the specific gravity of separation, are ex- 
pressed in terms of feed. Like recovery efficiency, 
misplaced material varies with the character of the 
raw coal and the density of the separation. 


Summary of Performance Data 
Of the more than 50 test runs made in the pilot 
plant thus far, the results of 10 were selected for 
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presentation in Table VII to illustrate the full range 
of performance obtained. Six of these tests were made 
at specific gravities of 1.55 or higher, and four were 
made at 1.41 to 1.31; the results are thus divided into 
high and low-density groups. 

In the high-density group, the results for the 
Nugget and Raven coals are clearly inferior, partic- 
ularly as judged by error area and distribution data. 
The poor results obtained with these two coals are 
thought to be due to degradation, and will be dis- 
cussed in detail under that heading. Considering the 
other four coals, however, the recovery efficiencies 
varied from 98.6 to 99.9 pct, and the corresponding 
spread in misplaced material was from 0.9 to 3.6 pct. 
Error areas ranged from 15 to 21. There was vir- 
tually complete recovery of material lighter than 
1.50 sp gr in all coals, but the elimination of heavy 
impurity was less perfect. The percentage of sink 
1.80 impurity entering the washed product ranged 
from nothing with Bellingham to 0.6 pct with Surmi. 
This imperfect rejection of impurity deserves ex- 
planation, especially as to why it varies with dif- 
ferent coals. 

Witk the Wilkeson No. 3 coal, the 0.2 pct of sink 
1.80 material reporting to the washed product was 
all finer than 4% in.; impurity coarser than that size 
was eliminated completely. Similarly, the impurity 
entering the washed coal in the Surmi and Buffalo 
tests was largely finer than % in. The smaller sizes 
of impurity are particularly difficult to remove com- 
pletely from the Surmi coal because they are com- 
posed almost entirely of bone rather than heavy 
shale. The impurity in the Buffalo coal is predom- 
inately flaky, carbonaceous shale that is harder to re- 
move both because of particle shape and relatively 
low density. Thus, although particle size and shape 
are of less importance in dense-medium cleaning 
than in other methods, they still are factors of some 
influence. 

The group of low-density tests recorded in Table 
VII were made at densities well below those em- 
ployed in ordinary washery operation. They are 
thus of interest primarily in showing the perform- 
ance to be expected in the clean-coal middling split 
of a three-product separation, or when skimming 
off a superclean coal at low density. The former of 
these applications is widely practiced in Europe 
today, and probably will become increasingly im- 
portant in America. The latter may be required 
ultimately to provide special-purpose coal for chem- 
ical utilization processes such as hydrogenation. 

The Buffalo No. 2 test, made at 1.30 sp gr, is a 
good example of using heavy-medium treatment to 
skim off the cleanest fraction of a coal. Washability 
data indicated that a fraction analyzing 2.5 pct ash 
was available at a theoretical yield of 61.0 pct. 
Operation of the plant provided a product of that 
quality at a yield of 57.3 pct. The recovery efficiency 
was thus 93.9 pet. Perfect elimination of all material 
heavier than 1.50 sp gr was obtained, but the re- 
covery of coal lighter than 1.30 was only 89.4 pct. 
Such a low recovery of the lightest fraction was to 
be expected when operating at 1.30 sp gr, however, 
and as judged by the error area of 13, this test pro- 
vided one of the sharpest separations accomplished 
in the pilot plant. 

The test on Wilkeson No. 3 coal at 1.36 sp gr is of 
special interest because of the unusually low yield, 
26.2 pct, of clean coal. Normally such low yields are 
encountered only in re-treating refuse material. It is 
noteworthy that although the elimination of mate- 
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rial heavier than 1.60 sp gr was perfect, and the re- 
covery of coal lighter than 1.30 was 98.5 pct, the 
recovery efficiency was only 89.4 pct. An efficiency 
of this magnitude obtained in the treatment of an 
ordinary coal would represent extremely poor op- 
eration, but in the treatment of a material providing 
such a low yield of clean coal, it probably is as high 
as should be expected. 

Lacking a direct correlation between the perform- 
ance of the pilot plant and a commercial unit of the 
same type, and there has been no opportunity to 
make such a comparison, the probability of dupli- 
cating pilot-plant results in a full-size unit remains 
conjectural. Both the shallowness and shortness of 
the separating bath in the small drum would appear 
to militate against equaling the performance pos- 
sible in a large bath. However, these limitations 
might be outweighed by cther factors in operating 
a commercial plant, especially bed congestion or lack 
of good density control. 

Indirect evidence that comparable performance is 
obtainable commercially is afforded by the results 
published by Hanson, Heinlein, and Vonfeld.’ 
Whereas their drum separators are of a different 
type and bed congestion and retention time probably 
differ materially, their washing results are similar 
to those obtained in the pilot plant. Their distribu- 
tion data for treatment of a 3 to *s-in. feed at 1.52 
sp gr showed perfect recovery of all material lighter 
than 1.40, with 0.8 pct of the sink 1.80 impurity en- 
tering the washed coal. These figures correspond 
closely with average pilot-plant performance, Their 
data for a 6 to 3-in. feed showed perfect recovery of 
all coal lighter than 1.40 and perfect rejection of all 
impurity heavier than 1.60 sp gr. A separation of 
this sharpness was obtained in the pilot plant only 
with Bellingham coal. Naturally, a 6 to 3-in. feed 
should separate more sharply than one of 2 to %4-in. 


Influence of Degradation on Performance Criteria 


As pointed out in the discussion of Table VII, the 
distribution data for Raven and Nugget are clearly 
inferior to those obtained on the other coals, partic- 
ularly from the standpoint of impurity rejection. As 
neither mechanical defects nor faulty operating 


conditions existed to account for such poor perform- 
ance, an explanation was sought in the character of 
the coals themselves. The refuse material in both 
coals was of normal density and ordinary particle 
shape; thus neither of these factors appeared to be 
responsible. The most reasonable answer seemed to 
be the influence of degradation of the washed prod- 
ucts subsequent to the gravity separation. 

In terms of rank both coals are on the line be- 
tween high-volatile C bituminous and sub-bitumin- 
ous A. When fresh they are more resistant to break- 
age than most bituminous coals, but on drying they 
become much more friable. If, in the handling in- 
cident to screening, sampling, and float-and-sink 
examination, substantial amounts of impurity were 
liberated from intergrown particles in the washed 
coal, the rejection of impurity by the plant would 
be made to appear poor. This hypothesis was not 
verified, however, until it was observed that stored 
Bellingham coal, high-volatile C bituminous, gave 
results in the plant that were distinctly poorer than 
those obtained on fresh coal. Here again the elim- 
ination of impurity appeared to be poor, and degra- 
dation was again blamed. 

A testing procedure was devised to evaluate the 
influence of degradation on the stored Bellingham 
coal. About 1200 lb of the 2 to %4-in. coal was sep- 
arated at 1.60 sp gr on a float-and-sink bath, using 
the same care exercised in the normal testing of 
samples. The float-and-sink products from this op- 
eration were then treated exactly the same as the 
products discharged from the drum in the pilot 
plant. That is, they were passed over the vibrating 
screen, sampled, and then subjected to the usual 
float-and-sink procedure used in evaluating plant 
performance. In effect, a float-and-sink bath was 
simply substituted for the dense-medium bath of the 
drum separator. 

The data obained in this way were then used to 
calculate the distribution figures shown in Table 
VIII. The effect of degradation was great enough 
to make the perfect separation of the float-and-sink 
bath appear poor. Even in the 2 to 1-in. size, 1.5 pet 
of the 1.50 to 1.60 sp gr fraction was found in the 
sink product, and 11.8 pct of the 1.60 to 1.70 sp gr 


High-Density Tests 


Wilkeson Belling- 
Neo. 3 


Coal Raven 


Table Vil. Summary of Pilot Plant Performance 


Lew-Density Tests 


Buffalo 
No.2 


Wilkeson 
Ne. 3 Nugget 


Belling- 
ham 


Test number 
Specific gravity of separation 
Pct +0.10 material in feedt 
Ash in feed, pct 
Ash in washed coal, pct 
Ash in refuse, pct 
Yield of washed coal, pct 
Theoretical yield, pct** 
Recovery efficiency, pctt t 
Sink in washed coal, pct§ 
Float in refuse, pct§ 
Total misplaced material, pct§ 
Error area 
Specific-gravity distribution, 
pet to washed coal 
Under 1.30 
1.30 tol 


SCUANK 


on 2883s 


= 


~~ * 2 to %-in. feed. 


Ch 


= 


38.8 


- 


| 


© 


cooos88 
cw oe 
eccenwow 


+ Pct of material within +0.10 of specific gravity of separation, adjusted for 2.0 material. 


** Float-and-sink yield of feed at ash content of washed coal. 
tt Yield of washed coal/theoretical yield x 100. 
§ At specific gravity of separation. 
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Nugget 
| 
1.40 to 1.50 
1.50 to 1.60 
1.60 to 1.70 
1.70 to 1.80 
Over 1.80 


fraction appeared in the float product. With de- 
creasing particie size the influence of degradation 
on the migration of material from one density frac- 
tion to another was even more pronounced. Con- 
sidering all size together, the distribution data for 
the float-and-sink bath are actually inferior to the 
results obtained on this coal in the pilot plant when 
it was fresh. The error area for the float-and-sink 
separation was 24, while an area of only 15 was ob- 
tained on the fresh coal in the plant. 

These results provide ample evidence to substan- 
tiate the contention that the poor performance of 
the pilot plant on Raven and Nugget coals was due 
to degradation. However, they have much broader 
significance. Many bituminous coals are more fri- 
able than the stored Bellingham material, and many 
of them contain at least as high a proportion of 
intergrown coal and impurity particles from which 
liberation is obtained on breakage. Thus comparable 
effects from degradation must be obtained in many 
washing tests. In fact, a similar trial showed that 
the degradation effect on Wilkeson No, 3, a friable 
coking coal containing only a normal amount of in- 
tergrown material, was an error area of 10. Al- 
though distribution data and error area are ex- 
tremely useful criteria, it must be borne in mind 
that they are susceptible to abnormalities due to 
degradation. Small differences in error area are not 


Table. VIII. Distribution Data for Test on Bellingham Coal in 


Float-and-Sink Bath 


Sizes Recovered in Float Coal, Pct 


Sp Gr lte% Mato? 


Under 1.30 
1.30 to 1.40 
1.40 to 1.50 
1.50 to 1.60 
1.60 to 1.70 
1.70 to 1.80 
Over 1.80 


Error area 


significant unless all factors having a bearing on 
sharpness of separation are strictly comparable. 
It is noteworthy that recovery efficiency is less 
subject to errors owing to degradation than are 
either error area or percentage of misplaced mate- 
rial. The latter two criteria are affected directly by 
the liberation of particles accompanying degrada- 
tion. On the other hand, liberation of impurity in a 
washed coal does not change its ash content, and 
therefore affects recovery efficiency only indirectly 
through the resulting minor change in the yield-ash 
curve of the composite feed to the washing unit. 


Operating Variables 


A number of factors influencing sharpness of 
separation effected between coal and impurity in 
the dense-medium bath are beyond the control of 
the operator, because they are fixed by either the 
design of the separating vessel or the nature of the 
cleaning problem. Other factors, however, are sub- 
ject to some degree of control, and hence can be 
regulated to provide optimum conditions in the bath. 
Among the more important factors in the latter cate- 
gory that were investigated in the course of the 
present work are density control, density differential 
between the top and bottom of the bath, amount of 
agitation in the bath, congestion or crowding of the 
coal in the bath, and medium contamination. 
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Controlling the density of the medium proved to 
be the simplest of the problems encountered. During 
the first year of plant operation, density was meas- 
ured in the conventional manner by periodical 
weighing of a flask of known volume. Then a device 
for continuously indicating density was developed 


Table IX. Influence of Density Differential in Bath on Performance 


Test No. 
Item 


Specific gravity of separation 
Difference in specific gravity between 

top and bottom of bath 
Distribution data, pct to washed coal 
Under 1.30 


Error area 


to replace the time-consuming, cumbersome pro- 
cedure of manual weighing. The densimeter,’ as it 
is known, is merely a 40-ft coil of ordinary garden 
hose suspended from one arm of a balance. Since 
the volume of medium in the hose is constant, any 
change in density produces a corresponding change 
in weight. Thus, if a tare weight on the balance is 
shifted to bring the indicating arm to 0 on the scale 
when the circulating medium is at the desired 
density, any subsequent change in density is indi- 
cated directly on the scale. The operator has merely 
to glance at it to know the direction and extent the 
density of the medium has varied from the desired 
value. With the use of this simple densimeter, the 
fluctuation in density during a test period has been 
reduced to thousandths rather than hundredths, and 
separation errors due to varying density have thus 
been eliminated. 

Density Differential: Thickening of the medium, 
with a resultant differential in density between the 
top and bottom of the bath, may occur, depending on 
the amount of agitation provided by the rotation of 
the drum. Differential also is influenced by the 
density of the medium, the fineness of the magnetite, 
and the amount of clay present. While the density 
of the medium is fixed by the requirements of the 
separation, all other factors are subject to regula- 
tion. Thus density differential is one of the controll- 
able variables. When operating at specific gravities 
of 1.55 and higher it appears to be of considerable 
importance, but at specific gravities of 1.40 and 
lower it has no influence on performance. 

The density differential is determined by compar- 
ing the specific gravity of the medium overflowing 
the discharge weir with that of a sample of the 
medium collected just above the sink-lifting flights 
at the discharge end of the drum. The measurement 
is thus an arbitrary value referring solely to the 
conditions at the discharge end. It is entirely pos- 
sible that the differential would be higher if it were 
measured farther toward the feed end, but no at- 
tempt has been made to measure it along the full 
length of the drum. Present measurement has proved 
a satisfactory criterion of bath conditions. 

Table IX shows the results of two companion tests 
made on 2 to %-in. Surmi coal with and without 
density differential in the bath. Both tests were 
made under identical operating conditions except 
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15 16 
1.58 1.57 
0.00 0.05 
100.0 100.0 
1.30 to 1.40 99.0 99.8 
: 1.40 to 1.50 96.7 99.4 
: 1.50 to 1.60 71.7 73.0 
1.60 to 1.70 21.1 2.9 
1.70 to 1.80 6.0 0.3 
Over 1.80 19 04 
37 17 
100.0 100.0 100.0 100.0 100.0 
100.0 100.0 100.0 99.8 99.9 
100.0 99.8 99.7 99.2 99.7 
; 98.5 96.6 95.5 92.6 95.8 
11.8 16.2 16.7 18.7 16.6 
> 0.0 2.8 2.6 7.5 5.6 
0.0 2.3 1.6 1.1 09 
4 25 23 24 


for the cleanness of the medium. In test 15 the me- 
dium contained a great deal of clay originating from 
a coal run previously, and as a result there was no 
measurable differential. For test 16 the same me- 
dium was freed of clay by routing it through the 
medium-cleaning circuit to develop a differential of 
0.05. Under this condition the performance was 
clearly superior. Rejection of impurity was im- 
proved greatly, and the recovery of coal was slightly 
better. The error area was decreased from 37 to 17. 
Table X summarizes, in terms of error area, all 
the test data available for which operating condi- 
tions other than density differential were strictly 
comparable. These error areas are necessarily in- 
fluenced to a limited extent by the nature of the 
impurities in the individual coals involved, because 
flaky or lower-density impurities are not so com- 
pletely rejected as more amenable varieties under 
any bath condition. Nevertheless, in the high- 
density group of tests those of lowest error area 
were obtained with differentials of 0.04 or 0.05, 
whereas ror the higher error areas no differential 
existed. It is equally significant that in the low- 
density tests differential is unimportant. 
Presumably density differential allows the bed 
of float coal at the surface of the bath to dilate ver- 
tically. This dilation or distention minimizes me- 
chanical entrapment of sink particles, and thus im- 
proves the sharpness of the separation. When op- 
erating at low densities, the relative buoyancy of 
the coal is less. Therefore there is less tendency to 
form a compact bed favoring mechanical entrap- 
ment; hence density differential is less important. 
An analogous condition can be observed in float- 
and-sink testing. When a sample is immersed in a 
high-density bath the buoyancy of the coal is so 
great that a firm mat or layer of float forms at the 
surface immediately; vigorous stirring is required to 


Table X. Comparison of Tests with High and Low Density 
Differentials 


Test Separation, 
No. Sp Gr 


Sp Gr* 
Differential 


High-density 
tests 


eesesses 


37 
Low-density 
tests 


EL 


* Measured between top of bath and just above sink-lifting flights 
at discharge of drum. 


release entrapped particles of sink material. With 
a low-density bath, however, the particles are less 
buoyant, and the layer of float is distended by only 
gentle agitation. 

Drum Speed: The primary function of drum rota- 
tion is to elevate sink material, but an important 
secondary effect is the agitation of the bath. Thus 
the speed of drum rotation can be used to control 
agitation, which in turn assists in controlling the 
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density differential in the bath. An undesirably high 
differential occasioned by over-cleaning the medium 
can be reduced by increasing the drum speed, while 
with a more stable medium, differential can be in- 
creased by slowing down the drum. 

Obviously, violent agitation of the bath would 
militate against sharpness of separation because of the 
uncontrolled, stray currents produced. Conversely, 
however, too quiescent a bath promotes mechanical 


Table XI. Relation Between Drum Speed and Sharpness 
of Separation 


Test No. 


Drum speed, rpm 
Specific gravity of separation 
Distribution data, pct to washed coal 


owed 


- 


Error area 


entrapment; returning to the analogy of the float- 
and-sink test, some stirring is essential. Between 
these two extremes there is considerable latitude in 
the amount of agitation that can be tolerated with- 
out impairing the separation. 

Table XI shows the distribution data and error 
areas for three tests made on the same coal at drum 
speeds of 1, 2, and 5 rpm. Size of feed, feed rate, 
and density differential were the same in all three 
tests, and the range in specific gravity of separation 
from 1.55 to 1.61 is not great enough to preclude 
direct comparison. From the standpoint of both dis- 
tribution data and error areas, the test at 2 rpm is 
slightly superior to the others, but the differences 
are not great. 

At 5 rpm the surface of the bath in the drum is 
agitated so vigorously that small transverse waves 
are formed. It is somewhat surprising that such a 
degree of agitation does not impair the sharpness of 
separation. However, four tests have been made at 
5 rpm and six have been made at 3 rpm, and except 
where the resulting density differential was insuffi- 
cient, the results of these runs were not inferior to 
those obtained at the normal operating speed of 
2 rpm. Thus the conclusion that considerable agita- 
tion can be tolerated appears to be well founded. 

Owing to the higher peripheral speeds involved, 
a commercial-size drum might have to operate at a 
much lower rpm than the small laboratory unit to 
develop the same degree of agitation. Nevertheless, 
the same relation between agitation and sharpness 
of separation should apply. 

Ratio of Medium to Coal: The bath of medium 
transports the float material forward through the 
drum and discharges it over the weir. Thus the 
depth of medium overflowing the weir must be great 
enough to remove coal at the rate required to pre- 
serve a degree of bed congestion conducive to good 
gravity separation. Primarily, the depth at the weir 
is determined by the feed rate, the percentage of 
float, and the size of the coal. Higher feed rate, a 
greater proportion of float, or coarser coal requires 
greater depth. Excessive depth over the weir is to 
be avoided, because it increases the horizontal 
velocity of the medium, reducing retention time. 
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16 17 
53 21 F 
14 28 
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25 13 
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29 14 
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50 15 
51 17 
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Table XII shows clearly the results of operating 
the drum with an inadequate depth overflowing the 
weir. Tests 17 and 18 were made on identical feeds 
at 5.2 tons per hr, nearly three times the normal feed 
rate, In test 17 the usual weir depth of 1%-in. was 
preserved. This caused excessive crowding at the 
weir, and resulted in clean coal being forced down 


Table XIi. Influence of Congestion on Sharpness of Separation 


Test No. 


~ 
x 


Feed per hr, tons 
Depth of medium overflowing weir, in. 
Medium overflowing weir, gpm 
Feed per hr per sq ft of bath, tons 
Feed per gal of medium, Ib 
Distribution data, pct to washed coal 

Under 1.30 

1.30 to 1.40 

1.40 to 1.50 

1.50 to 1.60 

1.60 to 1.70 

1.70 to 1.60 

Over 1.80 


Specific gravity of separation 
Error area 


~ 

Sz ke 

~ 


Se 


into the sink-lifting flights where it was lost. In- 
creasing the flow of medium over the weir from 23 
to 26 gpm in test 18 ended bed congestion, elim- 
inated loss of clean coal, and reduced the error area 
of the separation from 39 to 20. 

It is noteworthy that the cleaning results in test 
18 are as good as those obtained on the same coal 
at the normal feed rate of 1% tons per hr. The 
throughput at which performance of the plant would 
suffer has not been reached. 

The ratio of coal to medium overflowing the weir 
is a measure of the degree of bed congestion, and 
therefore reflects the likelihood for sink particles 
becoming mechanically entrapped in the float prod- 
uct. In test 17, with 7.54 lb of coal per gal of me- 
dium, there was poorer elimination of 1.60 to 1.80 


Table XIII. Comparison of Tests of 2 to '4-In. Bellingham Coal 
with Clean and Contaminated Media 


Test No. 


| 


Specific gravity of medium 
Nonmagnetic material in medium solids, 


pet 
Specific-gravity differential in bath 
Distribution data, pct to washed coal 
Under 130 


oo 
co 


Specific gravity of separation 
Error area 
Recovery efficiency, pct 


sp-gr material than in test 18 at 6.67 lb. Thus opti- 
mum congestion for maximum throughput without 
impaired performance appears to be 6% to 7 lb of 
coal per gal for a 2 to %4-in. feed. 

Contamination of Medium: The clay associated 
with the Bellingham coal disintegrates readily in 
water, and hence is a marked source of medium 
contamination. When the pilot plant was run on 
this coal, provision was made to divert sufficient 
medium to the medium-cleaning circuit to insure 
the maintenance of satisfactory quality. Cleaning 
only the medium from the rinsing section of the 
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screen did not maintain the desired density differ- 
ential in the bath. Moreover, it was feared that an 
excessive amount of clay in the medium might in- 
crease its viscosity enough to interfere with the 
sharpness of separation. 

Once satisfactory cleaning results had been ob- 
tained with clean medium, however, a run was made 
with dirty medium to see how much the perform- 
ance of the plant would suffer. In preparation for 
this run, several tons of refuse from a previous test 
was recirculated through the plant until most of the 
clay had disappeared. The medium obtained with 
this intentional contamination was so stable that it 
would not settle out on standing for hours, and 
magnetic separation in a Davis tube showed that 47.2 
pet of the solids were nonmagnetic. Preliminary 
experiments had shown that when 55 pct of the 
medium solids were Bellingham clay a semi-gel that 
would scarcely pour was formed. Thus it was felt 
that operation of the plant with the contaminated 
medium would show, in exaggerated degree, the in- 
fluence of viscosity. 

Test 43 was made with the contaminated medium 
and test 44 with clean medium to provide a direct 
comparison. As shown in Table XIII, the distribu- 
tion data and error areas for the two tests are very 
similar. The recovery efficiencies are identical. 
These tests were made on the Bellingham coal after 
it had been weakened by storage, and because of the 
degradation factor discussed previously, neither 
one appears to be as sharp a separation as that ob- 
tained on the fresh coal. Despite this mitigating 
circumstance, the performance obtained with dirty 
medium clearly is not significantly inferior to that 
with clean medium under otherwise similar operat- 
ing conditions. 

One test, even with badly contaminated medium, 
is not conclusive, and a number of writers have ex- 
pressed the opinion that the viscosity of medium is a 
factor in performance. It would be presumptive, 
therefore, to conclude that viscosity is unimportant. 
In view of the present results, however, it would be 
interesting to see comparable figures for a commer- 
cial plant. Perhaps viscosity has been overrated. 

At least in the pilot plant, medium contamination 
is more important from the standpoint of stability 
than from its influence on viscosity. Too stable a 
medium will not provide the density differential 
generally required in the separating bath for best 
cleaning results. 

Summary 

Seven coals exhibiting a wide range in washability 
characteristics have been washed in a small-scale, 
dense-medium pilot plant. Separations ranged from 
1.30 to 1.69 sp gr. With most of the coals treated at 
the higher densities, virtually perfect recovery of 
material lighter than 1.40 sp gr was obtained. Re- 
jection of impurity was not perfect, however, with 
as much as 0.6 pct of the sink 1.80 material entering 
the washed coal. Operation at specific gravities of 
1.41 and lower was characterized by perfect elimina- 
tion of impurity, but with impaired recovery of the 
lightest coal. 

Recovery efficiencies varied from 98.6 to 99.9 pct 
for separations made in the usual range of washing 
densities. Decreased efficiencies were obtained in 
separations at lower densities. With one particularly 
dirty coal, which provided a yield of clean product 
amounting to only 26 pct, the efficiency was only 
89.4 pct, despite the fact that the separation between 
coal and impurity was relatively sharp. Results 


TRANSACTIONS AIME 


Item 
. 
Item 
43 |_| 
| 
1.30 to 1.40 
1.40 to 1.50 
1.50 to 1.60 
1.60 to 1.70 
1.70 to 1.80 
Over 1.80 


similar to this might be expected in re-treating refuse 
by dense medium, because of the low separating 
density required and the low yield of clean product. 

With operation at all densities, the smaller sizes 
of the feed were not separated as sharply or effi- 
ciently as the coarser material. Similarly, impurities 
of the tabular shape were not removed as completely 
as others, and impurities of relatively low density 
such as carbonaceous shale and bone were not re- 
moved as completely as heavier varieties, such as 
true shale. 

A differential in specific gravity of about 0.05 be- 
tween the top and bottom of the separating bath 
gave the best cleaning results when operating at 
the higher densities, but was unimportant in low- 
density separation. 

A great deal of latitude was found in the degree 
of agitation of the bath that could be tolerated 
without impairing performance. Drum speeds of 1 
and 5 rpm gave cleaning results nearly as good as 
those obtained at 2 rpm, indicating the need for 
some agitation of the bath. 

Comparative washing tests were made with clean 
and badly contaminated mediums to determine 
whether the viscosity of a medium influences clean- 
ing results. Even though the contaminated medium 


contained 47.2 pct nonmagnetic material, largely 
clay, it gave washing results that were not signifi- 
cantly inferior to those obtained with clean medium. 

Anomalous results obtained in cleaning several 
coals were traced to degradation of the washed 
products, which caused a marked increase in error 
area but had little influence on recovery efficiency. 
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An Analysis of Mine Opening Failure 
By Means of Models 


by Bernard York and John J. Reed 


Mine opening stability was investigated by loading model open- 
ings to failure. Eight-inch plaster blocks were cast with small uni- 
form section openings passing through the centers. After curing, 
the models were jacketed and loaded hydrostatically in a closed 
vessel. Opening size, shape, and orientation were varied to deter- 
mine how these factors influence opening stability. 


HE investigation described in this paper is a 

continuation of a project begun in 1946 by 
Bernard York and W. E. Bush. The experimental 
method used in the investigation involves the hy- 
drostatic loading of a model mine opening to failure. 
Most investigators agree that this loading closely 
approaches actual conditions in very deep mines. 
The conditions are further idealized by using an 
essentially isotropic model material. The experi- 
ments consist of casting 8-in. plaster cubes, or 8-in. 
diam cylinders 8-in. long, having a relatively small 
uniform section hole passing through their centers. 
After thorough drying, the models are jacketed in a 
flexible plastic bag and loaded hydrostatically with 
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Fig. 1—Pressure vessel open in position to jacket the model. 


water in a closed vessel. At about 300 to 500 Ib per 
sq in. pressure the central opening fails. The frac- 
ture pattern resulting from opening failure is 
studied in a plane normal to the longitudinal axis of 
the opening. The model block is sawed through its 
center after loading to expose this plane and to 
eliminate the possibility of end effect. By changing 
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the size, shape, and orientation of the opening it is 
possible to determine how the overall stability of an 
opening varies as a function of these factors. Once 
the actual manner of failure of mine openings is 
thoroughly understood, the means to prevent such 
failure may become evident. The experiments de- 
scribed in this paper, which are performed under the 
most simplified conditions, are a beginning toward 
this end. 

In analyzing mine opening failure it is important 
to consider how an opening fails, where initial fail- 
ure occurs, and when failure occurs as the load is 
increased. This iast factor is the true measure of 
mine opening stability. 

The results of this investigation substantiate 
mathematical and photoelastic analyses in demon- 


Fig. 3—Rack and unjacketed model mounted on head of 
pressure vessel. 
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Fig. 2a (left)—Observation tube assembly in place, and Fig. 
2b (right) observation tube assembly and rear cover plate. 


strating how mine openings will fail under hydro- 
static loading. They will fail in shear. Experimental 
results also agree with theoretical analysis as to 
where initial failure owing to stress concentration 
will occur on non-cylindrical openings. However, 
there is a distinct difference between test results 
and theoretical analysis as to when various sizes and 
shapes of openings will fail in a brittle material 
loaded hydrostatically. 

As described in the section on the factors con- 
trolling opening stability, this difference can be ex- 
plained in the test results on the models by consid- 
eration of probability of failure as well as the cal- 
culated maximum stresses on the openings. 

If the probability of failure has such an important 
control on the stability of a nearly perfect cast 
opening in a relatively isotropic model material, 
then it certainly must be the major controlling 
factor on the stability of a prototype mine opening; 
because the rock is never isotropic, the opening is 
usually highly irregular, and, because of blasting, it 
is surrounded invariably by a zone of shattered ma- 
terial with a high failure-probability. 

Using present methods and equipment, the sta- 
bility of mine openings can be increased consid- 
erably by careful design of the drill rounds and 
blasting techniques used to create them. More trim 
holes of smaller diameter, loaded lightly with a low- 
grade bulky explosive, will result in the minimum 
damage to the remaining rock section. 

The ideal method of driving an opening would 
be by boring or cutting out the rock without blast- 
ing. Shafts drilled by shot drills are an example, 
and have proved practical. Unfortunately, shot 
drills will drill only near-vertical openings, and a 
machine to drill or cut a horizontal opening of us- 
able size in hard rock remains to be developed, al- 
though. horizontal holes 21 in. in diam have been 
drilled by diamond drill. An opening driven by 
such means would not need to be as large as con- 
ventional mine openings because of its smooth self- 
supporting nature. A round opening 4 or 5 ft in 
diam might be quite effective. Scrapers and con- 
veyors are capable of moving large tonnages through 
openings of small cross section. The development 
of a machine to bore or cut horizontal mine open- 
ings is worthy of the full support and interest of the 
mining industry. 
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The importance of making mine openings small, 
with regular cross section, without damaging the 
remaining rock section, has been neglected by mine 
operators generally. The results of this investiga- 
tion demonstrate that these factors exert the major 
control on the stability of the resultant opening. 
Artificial opening support is expensive and trouble- 
some. Therefore it is important to design the open- 
ing carefully as to size and shape for maximum sta- 
bility, and then exert every effort to drive the open- 
ing in such manner as to preserve the inherent 
strength of the material as fully as possible. 


Method of Investigation 

Model Material: A model material was required 
for the investigation which would fail brittlely as 
do most rocks. A plaster mixture was found suit- 
able, and a standard mix of 1.0 part No. 1 pottery 
plaster, 7.0 parts —200 mesh silica flour, and 3.1 
parts water has been adopted. The average uniaxial 
compressive strength of this mixture is about 300 psi. 
By standardization and accurate control of mixing, 
pouring, and curing procedures very satisfactory 
uniformity of strength and properties is obtained 
from block to block. 

Loading the Models: A general view of the pres- 
sure-loading equipment is shown in Fig. 1. The 
pressure vessel is a section of 12-in. pipe with a 
bolted steel cover. A rack fastened to the inside of 
the vessel head carries the model block, Fig. 2a. A 
round observation tube passes through the head of 
the vessel and provides a l-in. round opening di- 
rectly opposite the opening in the model, giving an 
unobstructed view directly inside the model open- 
ing during loading. The observation tube assembly 
with its bearing plate is shown detached in Fig. 2b, 
and in place in the vessel head, Fig. 2a. The square 
beveled plate shown in Fig. 2b covers the opposite 
end of the model opening. A spring-loaded plunger, 
shown detached in Fig. 2a, bears on the rear cover 
plate and holds the block in close contact with the 
plate of the observation tube until the pressure 
comes on. Fig. 3 shows an unjacketed model mount- 


Fig. 60—A photograph of model type R-11, which has an 
opening | in. square. Fig. 6b at left shows a close-up of the 
localized fracture pattern. All models are made of pottery 
plaster, —200 mesh silica flour, and water. 
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Fig. 4—Jacketed model ready to enter pressure vessel. 


Fig. 5—Vessel closed with protective shield and light source 
in position. 


Fig. 6b—A close-up of fracture failure, model type R-11. 
Larger and smaller openings of similar shape failed in exactly 
the same manner, except that loading pressure at initial 
failure was lower and higher, respectively. 
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Fig. 7—Model type R-7 with opening | in. square. Model 
type R-19 has opening of similar shape, 0.35 in. square. Both 
models are square. 


ed on the rack and Fig. 4 a jacketed model ready to 
enter the pressure vessel. The jacket is a simple 
flat bag 20 by 30 in. made commercially from 0.008- 
in. vinyl plastic material. The bag is open at one 
end, and once the model is inside, the mouth of the 
bag is sealed for about 1 in. with vinyl-to-vinyl 
cement. The observation tube passes through a hole 
in the side of the bag, and the bag itself forms a 
gasket between the bearing plate and the head of 
the vessel. Fig. 5 shows the equipment with the 
vessel closed and ready to apply pressure. A rigid 
transparent shield protects the observer from plas- 
ter and water which might blow out through the 
observation tube if the jacket fails under pressure. 
A slide projector provides illumination within the 
model opening during loading. 

The pump connected to the pressure vessel is op- 
erated manually, and is capable of developing pres- 
sures in excess of 2000 psi. During loading of the 
model, one person operates the pump and watches 
the pressure gage, while a second person observes 
the model through the observation tube. The pres- 
sure is raised very slowly at first to allow all pos- 
sible air to work out of the collapsing plastic bag 
and escape through the observation tube. Then it is 
gradually increased with a short pause after each 
25-lb increment. The pressure at initial failure is 
recorded when the first definite spalling is observed 
within the opening. This pressure can be deter- 
mined within the nearest 25 psi, or about 7 pct of 
the ultimate load. Thus the limit of accuracy of 
the method as described is about 7 pct. 


Types of Models and Openings Tested 


Examples of some of the 11 types of model blocks 
tested during this investigation are shown in Figs. 
6-10, which illustrate the fracture failures formed 
during testing. Two or more blocks were made of 
each type. A complete series of square and round 
openings was tested. Dimensions of the openings 
ranged from 0.5 to 2.0 in. 

It became apparent early in the investigation that 
the maximum dimension of the opening was an 
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Fig. 8—A photograph of model type R-10, showing opening 


1.4 in. round. The model is square. Similar models have 
openings 0.5 in., 0.75 in., 1 in., and 2 in. round. 


important factor controlling the loading pressure 
required to cause failure. Therefore corresponding 
round and square openings were made, the diameter 
of the round openings being equal to the diagonal 
of the square ones. Thus the relative stability of 
the two shapes could be compared. 

The results of testing 44 model blocks indicate 
that they are sufficiently uniform in strength and 
physical properties to compare the manner and de- 
gree of failure, and the loading pressure at failure, 
from block to block. Throughout the tests, duplicate 
blocks invariably gave duplicate results. 

Only the tests of 1.4-in. openings will be de- 
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Fig. 9—Model type R-15, which has opening 1 in. square. 
The model itself is circular. 
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Fig. 100a—A photograph of model type R-16, which has an 
opening 1.4 in. round. 


scribed in detail. Larger and smaller openings 
failed in exactly the same manner except that the 
loading pressure at initial failure was lower and 
higher, respectively. The photographs of fracture 
failures, Figs. 6-10, were all taken on sections 
through the center of the blocks and normal to the 
axes of the openings. For two typical models, Figs. 
6a and 6b and Figs. 10a and 10b, both a general 
picture of the entire block and a close-up of the 
localized fracture pattern are included. 

Mathematical analysis of the stresses around an 
opening in a hydrostatic stress field shows that the 
stress tangent to the periphery of the opening is 
everywhere a compressive stress. This is in ac- 
cordance with the theory of elasticity developed by 
Timoshenko. It can be shown by the theory that if 
the unit hydrostatic load is P, the maximum unit 
compressive stress at the periphery of a cylindrical 
opening will be 2P. The maximum unit shear stress 
will be P acting on a curved plane starting at ap- 
proximately 45° with the periphery of the opening. 
Under hydrostatic loading these stresses are the 
minimum on a cylindrical opening and are equal 
anywhere on the periphery of that opening. Around 
non-cylindrical openings the stresses will be lower 
than 2P in some portions and higher in others and 
will be highest at points where the radius of curva- 
ture is smallest. 

This same problem of stress analysis can be treat- 
ed experimentally by photoelastic methods, and the 
same result is obtained as by mathematical analysis. 

The manner in which the model openings failed 
supports both the mathematical and experimental 
stress analyses with regard to how and where the 
openings fail. Failure occurred along planes of 
maximum shear stress in every test, and the frac- 
tures exhibit the spiral pattern of the curves plot- 
ting that stress. There were no signs of tension fail- 
ure in any models. Fig. 11 shows fracture fragments 
formed by failure of 1l-in. square openings. They 
have the characteristic shape indicating failure in 
shear, and because of longitudinal translation of the 
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Fig. 10b—A close-up of the fracture failure around opening 
of model type R-16, shown at left 


fracture, they are usually unbroken through the 
entire length of the opening. 

Both the cylindrical and cubic models show the 
same fracture patterns on the various openings, in- 
dicating that in either model shape the opening is 
subject to approximately the same stress field. In- 
itial failure in square openings occurred at corners 
because of stress concentration at these points 


Factors Controlling Opening Stability 


Type of Loading: With existing equipment, only 
hydrostatic loading can be developed. With equip- 
ment capable of loading unequally on the two axes 
perpendicular to the axis of the central opening, it 
will be possible to influence opening stability by the 
type of loading employed. 

Orientation of Opening: Under hydrostatic load- 
ing any unit plane within the model is subject to the 
same pressure, regardless of its orientation. There- 
fore any opening will be equally stable in a given 
hydrostatic stress field, regardless of its orientation 

Shape of Opening: According to the theory of 
elasticity, the shape of an opening in a hydrostatic 
stress field is the all-important factor that deter- 
mines the maximum stress on the opening, and from 


Fig. 11—Fracture fragments from |-in. square openings. 
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this it is inferred generally that the shape of the 
opening is also the major factor controlling the sta- 
bility of the opening. 

The stress concentration at each corner of a true 
rectangle, one with sharp corners, is infinite. Even 
on a square opening with rounded corners, the 
maximum stress at the corners exceeds twice that 
on a circular opening. 

The square openings used in this investigation all 
had relatively sharp corners. Therefore, according 
to the theory and inference cited above, there should 
be a wide difference between the loading at failure 
for a square opening and that for a round one. It 
appears highly significant that no such difference is 
apparent in the experimental results. Within the 
accuracy of the method, this investigation shows no 
appreciable difference in the loading at failure be- 
tween a square opening and a round one of the same 
maximum dimension. 

Size of Opening: The experimental! results of this 
investigation indicate that the maximum dimension 
of the opening is the major factor controlling open- 
ing stability. Within the accuracy of this method, 
all openings of the same maximum dimension failed 
at the same loading pressure regardless of their 
shape. Fig. 12 is a graph of the test results made by 
plotting the greatest dimension of the opening 
against the loading pressure at initial failure. Re- 
sults show that the loading pressure at initial open- 
ing failure will vary inversely with the greatest di- 
mension of the opening. This result, coupled with 
field observatiens in mines, offers strong support to 
the argument that opening size is the major factor 
in controlling opening stability. 

Mention should be made of the indicated com- 
pressive stress at failure for each of the various size 
openings tested. According to the elastic theory, 
this unit stress on a cylindrical opening is twice the 
unit loading pressure. Therefore the indicated unit 
compressive stress at failure on the periphery of the 
round openings tested varied from 634 psi on a 2-in. 
opening to 1034 psi on a 0.5-in. opening. This ap- 
parently anomalous result can be explained by sev- 
eral factors, as follows. 


Loading Pressure at Initial Petlure, pet 
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Fig. 12—A graph showing loading pressure at initial open- 
ing failure. 
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Fig. 13—Control of stress distribution by size of opening. 
(After Jack Spalding, Deep Mining, p. 91. Mining Publica- 
tions, Ltd.) 


1—Failure of a brittle material occurs in response 
to stress over a finite length of an incipient crack or 
weakness. The maximum stress calculated by the 
elastic theory is the stress at a point on the peri- 
phery of the opening. The average stress over a 
finite length of a crack must be considered. The 
larger the opening, the more gradual the stress 
gradient back into the walls, and therefore the 
higher the average stress on a given finite length of 
crack. Therefore, although the maximum stress at 
a point on the wall may be the same in both a large 
and a small opening, the larger opening will be less 
stable, because the given length of crack will be 
subject to a higher average stress. Fig. 13 shows 
this condition graphically for a winze 6 ft in diam 
compared with a shaft 18 ft in diam. 

2—-The probability for the occurrence of incipient 
cracks or other weaknesses in the material must be 
considered. This may be a factor of the volume of 
material involved, and also the size of the cracks, 
but a simple comparison of the opening perimeters 
should give a convenient measure of sufficient ac- 
curacy. Thus a larger opening will have a larger 
perimeter, with more probability of containing 
weaknesses, and will fail at a lower loading pres- 
sure. The difference between the perimeters of a 
square and a circle of equal greatest dimension is 
apparently less than the accuracy of the tests. 
Therefore the graph of Fig. 12 was drawn on the 
basis of greatest opening dimension alone. 

3-—-The lack of appreciable difference in failure 
pressures for a square opening and for a round one 
of the same maximum dimension must be explained. 
On about two-thirds of the periphery of a square 
opening in a hydrostatic stress field, the stress is less 
than that on a round opening. Hence, on that por- 
tion of the square opening the probability of failure 
is less than on a round opening because the stress 
is lower. Although the stress at the corners of the 
square may be very high, the probability of a crack 
of important size occurring at the corners is very 
low, and the lower overall probability of failure 
raises the stability of the square opening into the 
same range as that of a circular one. 
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HE manufacture of anhydrous sodium sulphate 

or salt cake from natural deposits in the United 
States has been in general somewhat of a marginal 
undertaking. Competition from foreign sources and 
from large quantities of byproduct sodium sulphate 
produced domestically in the manufacture of hydro- 
chloric acid and other chemicals has existed and 
continues. 

For example, most of the sodium sulphate pro- 
duced is a byproduct or co-product in the manufac- 
ture of hydrochloric acid through the reaction of 
sodium chloride with sulphuric acid. In recent years, 
many manufacturers of rayon have installed equip- 
ment to recover sodium sulphate from waste spin 
bath liquors; today this is an important source. 

Before World War II large quantities of sodium 
sulphate were imported from Germany. In 1949 
imported material from Europe again appeared on 
the domestic market. Natural sodium sulphate from 
Canada in substantial quantities also enters the 
United States markets. 

Despite this kind of competition, numerous at- 
tempts have been made to exploit various natural 
deposits of sodium sulphate in this country, but only 
a very few of these have survived economically over 
a period of years. One of these few operations is the 
plant of the Ozark-Mahoning Co. located 13 miles 
south of Monahans in West Texas. Several factors 
contributing to the successful life of this plant may 
be summarized as follows: 

1—-Geographical location. Monahans is reasonably 
close, freightwise, to the Kraft paper mills in Texas, 
Arkansas, and Louisiana; the Kraft paper industry 
is the greatest consumer of sodium sulphate in the 
United States. 

2—Availability of natural gas as low cost fuel. 
Proximity of the natural gas fields of West Texas 
has been a tremendous asset, as the availability of 
low-cost natural gas is to all industry throughout the 
Southwest. 

3—The nature of the deposit. The occurrence of 
sodium sulphate brines in southeastern New Mexico 
and West Texas has been very well described by 
Lang,‘ who writes that the brines are found in the 
Castile formation of the Delaware basin. Here 
weathering has altered the anhydrite so that a rela- 
tively porous gypsiferous zone overlies a dense im- 
pervious mass of anhydrite. This porous zone pro- 
vides traps where percolating ground waters that 
have picked up soluble salts may lodge. These traps 
or pockets are the natural brine reservoirs exploited 
at Monahans. Although several hundred wells have 
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been drilled, currently some 25 wells serve to supply 
brine to the plant. All are within 1% miles of the 
plant and are conveniently tied together by an elec- 
tric power system serving electric motors driving 
the pumps. 

Having the raw material in the form of a brine 
which can be pumped from shallow wells makes 
possible much simpler and more efficient handling 
than if it were in form of solids. 

By contrast, other deposits of sodium sulphate, 
such as those in Arizona, Nevada, and North Dakota, 
are in the form of the solid minerals, thenardite and 
mirabilite, which present somewhat more of a min- 
ing and mineral dressing problem.” The largest pro- 
ducer of sodium sulphate from natural sources in 
the United States is at Searles Lake, Cal., and there 
a brine also is utilized. 

4—-Water. Substantial quantities are needed for 
cooling towers and for operation of gas engines. An 
area underlain with brine is not a promising source 
of fresh water, but fortunately, after a long search, 
an adequate supply was found nearly two miles 
from the plant. 

It may be appropriate to discuss briefly the grades 
of sodium sulphate offered on the market. Salt cake 
is the name usually applied to the grade of sodium 
sulphate used by the Kraft paper industry. It may 
be a low analysis byproduct, 95 to 97 pct sodium 
sulphate, with as much as 1% to 2 pet residual acid, 
or it may be a natural product. Usually salt cake is 
considered a low grade product, but a great deal of 
a higher grade of material is marketed under this 
name. The specifications for glassmakers’ salt cake 
are somewhat higher than those of the paper indus- 
try, usually requiring 98 pct sodium sulphate. 

Technical anhydrous sodium sulphate is a high 
grade material and usually exceeds 99 pct sodium 
sulphate. It finds the biggest market in the textile 
industry and is used as a builder in some synthetic 
detergents. 

Glauber’s salt, Na.SO, - 10H.O, is usually of high 
purity. Preferred for some uses, it normally has 
been recrystallized from an anhydrous salt. 

A unique manufacturing process has been de- 
veloped at Monahans. This process results in the 
production of an exceptionally high grade of salt 
cake, and qualifies for nearly all uses, including 
many which specify the technical anhydrous grade. 
All of the finished product, which is very white, 
passes a 10-mesh U. S. Standard screen, and is re- 
tained on a 200-mesh U. S. Standard screen. It is 
over 99 pct Na.SO, with main impurities being 
sodium chloride and magnesium sulphate. Iron con- 
tent is less than 0.01 pet. 

As mentioned, the raw material at Monahans is 
a brine drawn from wells. Attention was first at- 
tracted to this location because a so-called alkali 
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Fig. 1—Flowsheet illustrating handling of brine. 


lake here was noted to be rich in sodium sulphate. 
In 1931 and 1932 investigation and drilling around 
the shore of the lake and in the general area re- 
vealed the existence of the brines. These offered a 
raw material of uniform nature in comparison to 
the lake brine, which varies greatly in concentration 
depending on seasonal factors of rain or drought. 
Nevertheless, the lake may be utilized to a cer- 
tain extent in processing the brine. Actually, two 
different brines are drawn from two different levels 
in the wells. At a depth of 60 ft there occurs an 
abundant supply of weak brine, 1.160 sp gr, and 7 
‘to 8 pct sodium sulphate. In summer brine from this 
level is pumped onto the lake, where it is concen- 
trated by solar evaporation to 1.180 sp gr, or about 
10 pet sodium sulphate. Brine at this concentration 
is excellent as feed to the plant. Pumping of brine 
is controlled to maintain a constant level in the lake. 
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from STORAGE 
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At a depth of 90 ft a strong brine of 1.180 to 1.20 
sp gr is found. This brine is used directly as plant 
feed in winter and supplements the lake in summer. 
The deeper level has never produced so abundantly 
as the shallower levels; hence every effort is made 
to conserve the stronger brine. This brine averages 
11.2 pet sodium sulphate with a typical analysis 
showing 6 pct chloride, 8.2 pct sulphate, 1.8 pct mag- 
nesium, and sufficient sodium to satisfy stoichiometric 
requirements. Traces of other elements are present. 

The strong brine wells are pumped at rates of 3 
to 18 gal per min. More rapid pumping will cause 
the brine strength to decrease. The optimum rate of 
pumping for a given well is determined from experi- 
ence. Occasionally one of these wells is abandoned 
because the brine becomes dilute. It is uneconomical 
to continue to utilize weak brine from the 90-ft level 
when there is ample weak brine at shallower level. 

Pumps are F. E. Meyers pump jacks with a 12-in. 
stroke, driven by 840-rpm, 2-hp, 220-v motors. The 
process used in the plant consists of two principal 
steps. The first is to cool the brine to crystallize out 
Glauber’s salt, which is 56 pct water and 44 pct 
sodium sulphate. The second step is to melt the 
Glauber’s salt, evaporate the water of hydration, 
and dry to anhydrous sodium sulphate. 

It would be impossible to dehydrate the brine 
directly because, aside from the considerable fuel 
cost for evaporation, magnesium sulphate and sodium 
chloride are present in substantial quantities and a 
mixed salt would be obtained. Glauber’s salt has a 
very steep solubility curve, and excellent recovery 
is made by the crystallization method used. 

As a matter of fact, sodium chloride is added in- 
tentionally to the raw brine before chilling; the re- 
sult is a further decrease in the solubility of the 
Glauber’s salt. This is accomplished by pumping 
about one-third of the raw brine into a deposit of 


AMMONIA 
COMPRESSOR | 


STAGE SETTLING 


712—MINING ENGINEERING, JULY 1953 


Fig. 2—Glauber’s salt crystallization system in chiller plant. 
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Fig. 3—Schematic sketch of typical submerged combustion installation. 


halite, which saturates it with sodium chloride. The 
halite deposit lies between 1000 and 1500 ft and only 
one salt well is used, the brine being introduced 
down the annular space between the tubing and well 
casing and a chloride saturated brine being pumped 
up through the tubing. 

Fig. 1 is a flowsheet illustrating the handling of 
the brine. The combined flow from the wells and the 
lake, or solely from the wells, as the case may be, 
passes through a weir box which provides a rough 
approximation of flow and gives the pumper some 
warning if any of the wells have stopped pumping. 
From the weir box the brine goes to a settling tank 
where insoluble material settles out. The overflow 
goes to a storage tank. Both are wooden tanks 30 ft 
in diam by 8 ft high. From the storage tank brine 
is drawn continuously for pumping through the salt 
well and returned to the system via the weir box. 
Plant feed brine is withdrawn continuously from the 
storage tank which serves as a surge tank in case of 
interruption of flow from the wells. 

The plant feed brine is maintained at 1.22 sp gr 
and contains about 11 to 12 pet sodium sulphate and 
12 to 15 pet sodium chloride. The percentage of 
sodium chloride in the brine has been increased sub- 
stantially as the original brine contained 9 to 10 pct 
sodium chloride. In a typical day’s operation 43 tons 
of sodium chloride will be removed from the salt 
well, but none of it is recovered; all of it after 
serving.its purpose of decreasing the solubility of 
the Glauber’s salt is discarded in the tailing liquor. 
The plant has a rated capacity of 100 tons of an- 
hydrous sodium sulphate per 24-hr day, and the 
corresponding flow of brine to the plant is 150 gal 
per min. Recovery is about 1 lb sodium sulphate 
per gal of brine passing through the plant. When 
brine from the lakes reaches a concentration equal- 
ing 1.22 sp gr the use of the salt well is discontinued. 

Hydrometers are located at several points within 
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this system to enable manual control of the concen- 
tration of the plant feed brine. Brine strength is not 
extremely critical and slight variations have no seri- 
ous effect on plant operations. 

Fig. 2 is a flow diagram of the Glauber’s salt crys- 
tallization system which functions in the chiller 
plant. About 85 pct of the sodium sulphate in the 
brine can be recovered as Glauber’s salt by cooling 
the brine from 90° to 15° to 20°F. To cool 150 gpm 
of brine and to crystallize the Glauber’s salt requires 
substantially 500 tons of refrigeration. About 300 
tons are provided by an ammonia refrigeration sys- 
tem and the remaining 200 tons are recovered 
through heat exchange from the waste liquor before 
it is discharged. Ammonia compressors are of 
Worthington Pump Co. manufacture. Three 100- 
ton units are driven by 200-hp Cooper-Bessemer 
gas engines and one 285-ton unit is driven by a 
400-hp gas engine. 

Three ammonia chillers and four heat exchangers 
or recuperators are in use. Chillers and recuperators 
built by Worthington Pump Co. are similar to the 
chillers used in petroleum refineries to dewax lubri- 
cating oil. Each unit consists of twelve insulated 
tubes 34 ft long. There is an 8-in. diam outer tube 
with a 6-in. tube on the inside. The brine flows 
through the inner tube, which is equipped with ro- 
tating scraper ribbons to prevent any precipitating 
Giauber’s salt from building up and adhering to the 
wall. Flow of brine is countercurrent to the cold 
mother liquor in the annular space and the four re- 
cuperators operate in series. Ammonia is the re- 
frigerant in the annular space of the chillers. The 
entering brine, which may be as high as 90°F in 
summer and as low as 60°F in winter, passes through 
the recuperators, and one ammonia chiller is thereby 
cooled to 35° or 40°F. The brine is then discharged 
to the first-stage thickening tank, a conventional 
Dorr thickener of 20-ft diam. 
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Fig. 4—Flowsheet of drying plant. 


The thickened slurry goes to a rotary vacuum 
filter where the Glauber’s salt crystals are filtered 
and washed. The plant is equipped with both a 
Swenson and an Oliver filter, but only one is used 
at a time. 

The filtrate and washwater from the filter are 
combined with the overflow from the first-stage 
thickener and thence pass through two more am- 
monia chillers to cool to 15° or 20°F so that addi- 
tional Glauber’s salt will be crystallized. The slurry 
goes to the second-stage thickener, which is a 26-ft 
Dorr. The thickened underflow mixes with the 
underflow from the first-stage thickener and goes to 
the filter. The overflow is the waste mother liquor 
at about 20°F and, as stated, is the heat-exchange 
medium in the recuperators. It is discharged finally 
to waste at a temperature of 55° to 75°F, depending 
on the time of year and temperature of the incoming 
brine. This warm mother liquor is used to flush out 
and wash out any parts of the system that may have 
become salted up. 

A question often arises regarding the choice of 
surface cooling instead of vacuum cooling, which is 
commonly used in similar crystallization problems. 
Actually, vacuum cooling is efficient only to a ter- 
minal temperature of about 40°F, and it is impossi- 
ble to cool below 32°F by this method. To achieve 
a good recovery of Glauber’s salt it is necessary to 
chill to about 20°F. Therefore the system in use 
was chosen. 

The drying plant, where the water of crystalliza- 
tion is removed from the Glauber’s salt, has been 
described in detail; however, some time is devoted 
to it here, as it is probably the first commercial ap- 
plication of submerged combustion evaporation. 

Sodium sulphate has an inverted solubility curve, 
which means less solubility at higher temperatures. 
For this reason it deposits an extremely adherent 
scale on heat-transfer surfaces such as the tubes of 
a vacuum evaporator. Operation of this type of 
evaporator, in which heat is transferred through a 
tube, becomes very difficult and inefficient because 
of the rapid build-up of scale and the consequent 
loss of heat transfer. As a result there are frequent 
and expensive shutdowns for cleaning out scale. 

When operations began at Monahans in 1933 vari- 
ous schemes were tried to effect the dehydration of 
the Glauber’s salt, but at that time none was satis- 
factory. Rotary drum driers proved impractical be- 
cause of the severe scaling. For a time the dehydra- 


714—MINING ENGINEERING, JULY 1953 


tion was carried out in a counter-current fired rotary 
kiln. This operation was difficult and inefficient and 
was replaced by the first commercial submerged 
combustion evaporator in 1934. The evaporator re- 
moves most of the water with final drying of the 
salt taking place in the rotary kiln. 

In the submerged combustion evaporator a gase- 
ous fuel is burned beneath the surface of the liquid, 
in this case the solution of sodium sulphate, and the 
products of combustion bubble up through the solu- 
tion. The burner is submerged at sufficient depth to 
assure complete and efficient transfer of heat from 
the products of combustion to the solution. Scaling 
cannot interfere with this heat transfer, as the heat 
flows directly from gas to liquid, and rapid heat 
transfer is assured because the gas is ejected as 
many bubbles, presenting a tremendous surface 
area. Furthermore the driving force, which is the 
temperature difference, is very great, as the flame 
temperature is around 2600°F. 

Fig. 3 shows a typical submerged combustion 
evaporator. Combustion air is compressed to a pres- 
sure of about 7 psi gage and mixed with the proper 
quantity of gas at equal or slightly higher pressure. 
The mixture is introduced to the submerged burner 
and ignition is initiated by a resistance wire heated 
to incandescence. The flame maintains itself with- 
out the presence of any refractory. The controls 
shown here are manual, as are the controls at Mona- 
hans. However, submerged combustion units have 
been designed with fully automatic control. 

The burners used at Monahans are made of mild 
steel. Some scaling occurs on the tip of the burner, 
and as it builds up it flakes off, together with a 
little metal. This action causes sufficient damage to 
necessitate frequent repair and replacement of burn- 
ers, but burner cost per ton of production is only a 
few cents. Some alloys give longer life, but not 
enough to warrant the extra cost. In other solutions 
the use of alloys may be desirable, and a graphite 
burner has been developed for use in acids and cor- 
rosive solutions. 

Fig. 4 is a flowsheet of the drying plant. About 
70 pet of the total water load is evaporated in the 
two submerged combustion units, or about 110 tons 
per 24 hr. A dilute slurry of 4 to 5 pct precipitated 
solids is drawn continuously from the evaporators 
to a settling tank. The underflow of 20 pct precipi- 
tated solids, or 50 pet Na,SO,, is further thickened 
in an Akins type of classifier to 55 pct precipitated 
solids or 70 pet Na.SO,. The balance of the water is 
driven off in the rotary kiln and the dry salt goes to 
storage for bagging or shipment in bulk. 

Instead of thickening the slurry before feeding 
the salt to the drier, it would be quite feasible to use 
a centrifuge or filter which could reduce the mois- 
ture content of the salt to 4 or 5 pet before drying. 
Because the submerged combustion evaporator is 
much more efficient for evaporation of water than 
the rotary drier, it may seem that substantial sav- 
ings of fuel could be effected. Actually, however, 
the price of gas is such that the savings in fuel cost 
would be offset by the additional power required for 
a filter or centrifuge. 

The overflows from both the settling tank and the 
classifier are returned to the submerged combustion 
evaporator, except for a portion from the settling 
tank which is used to dissolve Glauber’s salt at the 
filter and introduce solution to the evaporators. 

The evaporator tanks are made of type 304 stain- 
less steel with highly polished interior surfaces. 
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After 15 years of service they show no signs of de- 
terioration. Much of the chilling plant has been 
rehabilitated recently, so that the plant is in a posi- 
tion to meet increased demands now being made on 
all producers of mineral products. 

Each submerged combustion unit burns 170 cu ft 
of natural gas per min. Combustion air is supplied 
to each burner by Roots-Connersville positive pres- 
sure blowers driven by 200-hp gas engines. 

The plant now has two separate chilling systems, 
similar to the one described, and interconnected. 
This means that the same rate of production can be 
maintained with a weaker brine feed and use of the 
lake for solar concentration can be eliminated if 
desirable. If additional production is desired, how- 
ever, feeding strong brine can increase the produc- 
tion to about 150 tons of anhydrous sodium sulphate 
per day. Ample filter and evaporation capacity is 
available in the existing equipment to handle this 


tonnage, and present indications are that the plant 
will be called on for maximum production. 

In summary, the Monahans sodium sulphate op- 
eration is unique in representing a fusion of several 
favorable factors that have been fortified with new 
ingenious developments in processing to yield a top 
quality product in an industry frequently witnessing 
failure in wrestling with natural deposits. 
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Quantitative Bubble Pick-Up Methods 


by S.C. Sun and R. C 


FFORTS to obtain definite quantitative data when 

employing the currently used bubble pick-up 
method" * as a pre-flotation investigation tool led to 
the adoption of the magnifying mirror method and 
the microscopic method modifications. Quantitative 
data obtained by these two methods were converted 
into bubble pick-up indices and bubble pick-up co- 
efficients. Rough correlations were established be- 
tween the calculated indices and the results of con- 
tact angle testing as well as actual flotation under 
the same conditions. 

The basic steps of the magnifying mirror method 
are as follows: 1—mixing 200 ml distilled water, 
sized and cleaned mineral particles of approximately 
0.5 g, pH regulator, and flotation reagents in a glass 
beaker; 2—swirling the mineral particles to the 
center of the beaker to leave a clear circumference; 
3—pressing an air bubble against the mineral par- 
ticles for about 1 sec, and then moving the mineral- 
ized air bubble to the clear part of the beaker; and 
4—-dropping all the attached mineral particles of 
the air bubble by tapping the bubble holder, and 
counting the number of the dropped particles by 
looking at the magnified image in the mirror posi- 
tioned beneath the beaker. This method is imprac- 
tical for mineral particles which are transparent in 
water or finer than 200 mesh. 

The microscopic method is essentially similar to 
the above described magnifying mirror method, with 
the exception that the mineralized air bubble was 
drawn up into the bubble holder and subsequently 
discharged onto an externally placed watch glass, 
where the number of pick-up particles was counted 
with the aid of a microscope or hand lens. Drying 
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was necessary when the discharged liquid interfered 
with the counting. 

The results of the bubble pick-up tests can be 
simply expressed in the form of the actual count. 
However, this can be misleading because the num- 
ber of pick-up particles varies not only with the 
size of bubble but also with the size of particles. 
This short-coming is largely remedied by the use 
of the bubble pick-up index, as calculated from the 
following equation: 


PI — (p,/p) 100 [1] 


in which PI and p, are respectively the pick-up 
index and the number of pick-up particles under 
any test conditions, and p is the maximum number 
of pick-up particles of the same mineral under 
optimum flotation conditions, with the same size 
holder and particle. The bubble pick-up coefficient 
is a term coined to denote the difference between the 
bubble pick-up index of mineral particles in a 
liquid and that of the same mineral-liquid mixture 
plus a chemical reagent at the same pH value. For 
example, the difference between the pick-up index 
of a naturally floatable bituminous coal in a solution 
of water and kerosene and that of the same coal in 
water alone is a bubble pick-up coefficient. 

Compared with the contact angle method, the 
quantitative bubble pick-up method is inferior in 
.ccuracy but superior in sensitivity. Other advan- 
tages of the bubble pick-up method are that the 
apparatus can be easily assembled, the mineral 
sample is conventionally prepared, and the test pro- 
cedure is relatively simple. 
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The Blending of Western Coals for Production 
Of Metallurgical Coke 


by John D. 


OAL blending, in the preparation of coal before 

coke making, is so commonly practiced as to be 
almost universal. But the reasons underlying this 
practice, the benefits resulting from it, and the ma- 
terials used in blending vary widely. This paper will 
outline the various phases of the subject and present 
information which may be correlated with work that 
has been done elsewhere. It will deal entirely with 
work done on the high-volatile coking coals of the 
western part of the United States, special emphasis 
being given to the coals of Colorado and Utah. 

A survey’ of the 86 coke plants in active operation 
in the United States during 1949 indicates that only 
9 plants, or 10.5 pet of the total, charged one single 
rank of coal into their ovens, while the remaining 
89.5 pet made use of blending in some form. This 
report indicated that of these total plants 5 used 
straight high-volatile coal, 4 used straight medium- 
volatile coal, 47 used blends of high and low-vola- 
tile coals, 25 used blends of high, medium, and low- 
volatile coals, 2 used blends of high and medium- 
volatile coals, 3 used blends of medium and low- 
volatile coals. 

The fact that certain plants operated on a single 
kind of coal should not be interpreted to mean that 
no blending was practiced there, for invariably such 
plants secure their coal from more than one source 
and in the interest of uniformity do blend the coals 
as received. 

The general term coal blending covers two fields, 
the first of which is the mechanical mixing of a num- 
ber of coals to secure uniformity. Often it is found 
necessary to secure coal for coke production from a 
number of different mines; these coals, though of the 
same general type or rank, may differ in their 
chemical composition or in the physical qualities 
they impart to coke made from them. Again, it is 
not unusual to find that coal from different sections 
of the same mine may show variations in quality. 
Under such conditions it may be necessary, in the 
interest of a uniform final product, to introduce a 
system of blending bins, a bedding yard, or other 
mechanical methods of securing a uniform mixture. 
Unfortunately this form of blending has received 
very little attention up to the present time; it has 
not received the consideration its value merits. 

The second type of blending, while also for the 
purpose of coke improvement, deals more particu- 
larly with the use of a blending agent differing in 
character from the base coal; it is this form of blend- 
ing that will be discussed here. To consider only 
the western coals, for blending may be found neces- 
sary for other reasons with other coals, blending has 
been practiced experimentally or commercially 
under the following conditions: 

1—When a single coal or mixture of coals of the 


J. D. PRICE, Member AIME, is Superintendent, Coke Plant, The 
Colorado Fuel and Iron Corp., Pueblo, Colo. 

Discussion on this paper, TP 3544F, may be sent (2 copies) to 
AIME before Sept. 30, 1953. Manuscript, Nov. 21, 1952. Los Angeles 
Meeting, February 1953. 


716—MINING ENGINEERING, JULY 1953 


Price 


PITTSBURGH 
J 
SCREEN SIZE - PERCENT PLUS 2 INCH 


CHIcaco 
PITTSBURGH 
COLORADO 


SHATTER INDEX -PERCENT PLUS 2 INCH 


CHICAGO 


 pirrseurcx 


COLORADO 
uTaH 


TUMBLER INDEX ~ PERCENT PLUS | INCH 


cwicaco 
J 


PITTSBURGH 


COLORADO 


POROSITY ~ PERCENT CELL SPACE 


TEST VALVES 


Fig. 1—Comparison of eastern and western cokes. 


same rank does not produce a satisfactory coke. For 
example, a high-volatile coal when used alone is 
likely to contract when coked so that a compara- 
tively weak coke is formed. Or, if of very low rank, 
the coal may be deficient in the necessary bitumens 
required for good coke production. 

2—When a product of some special quality is re- 
quired, for example, when a plant ordinarily pro- 
ducing blast furnace coke must operate at slow cok- 
ing rate to produce a high-grade foundry coke. 
Under this condition the reduced daily production 
of all products which accompanies slow coking time 
may be undesirable, and the use of some blending 
agent to increase the size of coke made at faster 
coking rates may be necessary. 

3—When greater yield of coke or its coproducts 
is needed. Depending upon economic values of the 
products it may be found desirable to increase the 
vield of one or the other. 

4—When supply of a particular coal must be used, 
either to protect reserves of high quality coking coal 
or to utilize a surplus or inferior product not other- 
wise usable. 

Many materials have been used for blending pur- 
poses, the exact agent to be used depending both 
upon the condition to be corrected and the nature of 
the base coal. No universal blending agent that can 
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Table |. Analyses of Colorado and New Mexico High-Volatile Coals 


Mine Frederick Morley 
Classification Coking Coking 
Kind Washed 
Moisture* 5 3.8 
Volatile matter** q 30.0 
Fixed carbon 57. 55.7 
Ash g 14.3 
Phosphorus 0.001 
Carbon? 83.72 
Hydrogen 5.80 
Oxygen q 7.86 
Nitrogen 1.80 
Sulphur 53 0.82 
Free swelling 

index 7.0 
Agglut. index 

10 tol 10.1 
Agglut. index 

15 tol 5.8f 
Source of 


information Ref. 8 


* As-received basis, on raw coal from mine 
** Moisture-free basis 


+ Moisture and ash-free basis 
t Estimated value 


Koehler Crested Butte Kebler 


Light-Coking 
Washed 
3.9 


Semi-Coking Non-Coking 


Washed 


be used to improve the coke made from all coals is 
available. The nearest approach to this will be 
found in the use of a low or medium-volatile coal as 
practiced at 75 pct of the plants in the United States. 
But even in this event each plant must work out the 
proper type and quality of coal to use and must con- 
sider carefully the economics of the practice. In 
effect, coal blending is an individual plant problem 
and must be worked out by each plant to secure 
best results. 

At the western coke plants, the following blending 
agents have been used. Of these the first three have 
been used on a commercial scale and the last three 
only in more or less extensive experimental tests: 
1—coking coals of lower volatile content and of dif- 
ferent expansion properties, 2—non-coking high 
volatile coals, 3—coal tar pitch, 325° to 350°F melt- 
ing point, 4—low temperature char, 5—coke breeze, 
6—petroleum coke breeze. 


Substitute Materials and Procedures 

At times it may be found that the blending agent 
which appears to be most desirable to correct a cer- 
tain condition is not available in that particular lo- 
cality and can be secured only at excessive cost. In 
such event a substitute material can often be secured 
or produced. Thus while anthracite fines are de- 
sirable for use in increasing the size of coke pieces, 
fine coke breeze can be used in its place with nearly 
as good results. Again, low-volatile coking coals are 


not always economically available, and in such lo- 
calities low temperature char produced from local 
high-volatile coals presents a very acceptable al- 
ternate. The use of such materials will be touched 
upon later. 

While in most cases not as effective as the use of 
proper blending agents, certain alternate procedures 
have been practiced at many plants with gratifying 
results. These will be merely listed here: 

1—Control of carbonizing temperature has an ef- 
fect on yields of coke and coproducts and on the 
physical properties of the coke®* (p. 217 of ref. 2). 

2—Degree of pulverization has an effect on the 
physical structure of the coke’* (p. 214 of ref. 2). 

3—Control of bulk density of the charge has an 
effect on the expansion pressure exerted by the coal 
and on the quality of the coke’ (p. 93 of ref. 2). 

4—-Control of moisture content of the charge has 
an effect on bulk density and consequently on the 
properties of coke’* (p. 93 of ref. 2 and p. 136 of ref. 
5). 

5—Washing of the coal prior to coking has in 
many cases been proved to benefit both the chemical 
and physical properties of the resultant coke" (p. 32 
of ref. 6). 

6—The method of charging ovens has been found 
to be of importance in securing uniformity of bulk 
density and quality of coke throughout the whole 
oven’ (p. 96 of ref. 5). 


Table II. Analysis of Utah High-Volatile Coals 


Sunnyside Columbia 


Classification Light Coking 
Kind 
Moisture* 
Volatile matter** 
Fixed carbon 
Ash 
Phosphorus 
Carbont 
Hydrogen 
Oxygen 
Nitrogen 
Sulphur 
Free swelling 
index 
Agglut. index 
10 tol 
Agglut. index 
15 tol 
Source of 
information 


Light Coking 


* As-received basis 

** Moisture-free basis 
+t Moisture and ash-free basis 
t Estimated value 


Book Cliffs Castlegate Huntington 


Semi-Coking Semi-Coking 
Raw 
9.0 
39.2 
55.2 
5.6 
0.019 
79.13 
5.74 


Non-Coking 


Ref. 13 
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7.3 62 ‘ 
37.3 39.6 37.6 
48.4 55.4 51.7 
14.3 5.0 10.7 
0.001 0.014 0.001 
82.09 79.78 77.62 
6.00 5.63 5.41 
9.44 12.46 14.83 
1.67 1.68 1.48 
0.80 0.45 0.66 
3.5 1.5 0.0 
7.7 
3.4t 
ee Ref. 8 Ref. 8 Ref. 8 
Mine 
Raw Raw 
5.3 a4 
40.1 43.8 
54.4 49.6 
5.5 66 
0.001 
79.56 
5.89 
10.0 12.68 12.68 12.63 ; 
1.59 1.52 149 
0.8 0.86 0.38 0.43 
45 3.0 2.0 1.0 
7.0% 3.3 2.6 
3.0 1.0t 
Ref. 12 Ref. 13 Ref. 13 r 
EOE 


3 60 
REGULAR 
S} 50 cone 
© 
« 
30 ° 
« TUMBLER 
4 5 10 
— 4 


PERCENTAGE OF KEBLER COAL 


r 

SHATTER 
*\60 
SPECIAL 
COKE 
40 
g 

P30 TUMBLER 
° 
° 
20 
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PERCENTAGE OF CRESTED BUTTE COAL 


Fig. 2—Effect of blending coals of similar rank. 


Very few high-volatile coking coals found in Colo- 
rado and Utah can approach the coals of the East as 
to quality of coke that can be produced from them. 
In fact, some of these western coals used regularly 
in the production of coke are so deficient in coking 
properties that they would be classed as non-coking 
by an eastern operator. They differ in the main from 
eastern coals in having been formed in the Creta- 
ceous period and are usually of lower rank and 
higher oxygen content. Analyses of five representa- 
tive coals from the Raton Mesa district of Colorado 
and New Mexico are shown in Table I. Nearly all 
these coals are high in ash and require washing; the 
analyses of washed coal samples only are shown. 
Because Utah coals, on the other hand, are often low 


60 

50 

> 

a 40 - 

° = 

TUMBLER 
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1 i = 
PERCENTAGE OF LOW-VOLATILE COAL 


a 
= 
a 
a 
ree OKLAHOMA 
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PERCENTAGE OF LOW-VOLATILE COAL 


Fig. 3—Eftect of blending high and low-volatile coking coals. 


in ash, washing is of minor value’ (p. 9 of ref. 7). 
Table I shows analyses of five coals from Utah. 

No low-volatile coking coals of a nature similar to 
Pocahontas are found in the Rocky Mountain states; 
the nearest source of supply of this kind of coal is 
in Oklahoma and Arkansas. On the other hand, 
Kebler coal, a high-volatile, high-oxygen, non- 
coking coal, the analysis of which has been given in 
Table I, has been used continuously in small 
amounts, and char, prepared by low-temperature 
partial devolatilization of high volatile coal, has been 
used experimentally. Analyses of such blending 


agents as have been used with western coals are 
shown in Table III. 


Mine Carswell 


Philpott 


Classification Low-volatile Low-volatile 


coking coking 

State West Virginia Arkansas 
Kind Raw Raw 
Moisture** 5.3 
Volatile mattert 17.1 15.9 
Fixed carbon 78.0 17.4 
Ash 49 6.7 
Phosphorus 0.014 
Carbont 91.2 89.33 
Hydrogen 4.6 4.58 
Oxygen 2.1 2.39 
Nitrogen 1.3 2.11 
Sulphur 08 0.93 
Free swelling 

index 9.04 9.0+ 
Agglut. index 

10 tol 20.0 + 20.0+ 
Agglut. index 

15 tol 12.0§ 12.0§ 
Source of 

information Ref. 5 Ref. 8 


* Pocahontas field 
** As-received basis 
t Moisture-free basis 
t Moisture and ash-free basis 
§ Estimated value 


Table III. Analysis of Low and Medium-Volatile Coals and Char 


Bokoshe 


Stigler Char 


Low-volatile Medium-volatile 


coking coking 
Oklahoma Oklahoma Colorado 
Raw Raw 
2.8 
18.3 24.6 17.4 to 19.1 
66.8 71.1 72.1 to 70.4 
149 43 
0.007 
90.9 87.43 
44 5.32 
2.0 4.38 
1.8 2.13 
0.7 0.74 0.6 
9.04 0.0 
17.7 0.0 
10.0§ 0.0 
Ref. 8 Ref. 8 Ref. 11 
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Fig. 4—Effect of use of char. 


A comparison of cokes made from eastern and 
western coals is of value. This is given in Fig. 1, 
where the various physical properties from repre- 
sentative samples of coke from the Chicago and 
Pittsburgh districts’ (p. 132 of ref. 5) are shown for 
comparison with similar data on cokes made of coals 
from Colorado” and Utah’ (p. 18 of ref. 7). It must 
be pointed out here that this comparison is intended 
to emphasize the need for blending with the western 
coals, for the eastern cokes were made from coal 
mixtures containing 20 pet Pocahontas, while coke 
from western coals was made from straight high- 
volatile coals. Since the need for blending has been 
established, and since the examples given here have 
shown the greatest need for improvement to exist 
in the shatter and tumbler values, these indices only 
will be used in a discussion of benefits. The tests 
should prove to be acceptable criteria of the physi- 
cal properties of coke, since their cumulative value 
has been shown to be 80 pct of the total value of 
coke from a physical property viewpoint at the 
blast furnaces." 

Blends of Colorado High-Volatile Coking Coal 
with Other High-Volatile Coals of Lower Rank: As 
shown in Table I, a large number of high-volatile 
coals of different ranks and coking properties are 
found in Colorado and New Mexico. Of these Fred- 
erick is the only one which possesses properties equal 
to those of the better coking coals of the East. This 
coal also has the best washability of any of the 
coking coals, but alone makes a very dense and 
fingery coke. Two high-oxygen coals are also found 
in Colorado, Crested Butte having only slight coking 
properties and Kebler having none. Between Fred- 
erick on the one extreme and these-high oxygen 
coals on the other are found a large number of coals 
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of various intermediate oxygen content and coking 


properties. Since both Crested Butte and Kebler 
coals are desirable because of their ash content, an 
effort was made to utilize them in the coking mix- 
ture; the results of such tests are shown in Fig. 2° 
(pp. 20-25 of ref. 5). It will be noted that some 
slight improvement in both shatter and tumbler in- 
dices are shown up to 10 pet for Kebler and 30 pct 
for Crested Butte. Although not shown in Fig. 2, 
noticeable improvement resulted in the size of the 
coke prisms from the use of either of these high 
oxygen coals.” Since the high cost of Crested Butte 
coal made its use prohibitive, the use of 10 pet Keb- 
ler was adopted as standard practice, and since 
Frederick coal was not available in sufficient quan- 
tity, the use of coals similar to Morley and Koehler, 
see Table I, was necessary. The physical properties 
of coke made from a blend of 40 pet Frederick, 50 
pet miscellaneous coking coals, and 10 pet Kebler 
is shown as Regular Coke.” A Special Coke mixture, 
containing 60 pct Frederick and 40 pct Crested 
Butte was produced occasionally to make a coke of 
comparatively low ash content; the physical proper- 
ties of such coke are also indicated in Fig. 2. 

Blends of Colorado and Utah High-Volatile Cok- 
ing Coals with Low-Volatile Coking Coals: Since the 
standard blend used in 75 pet of the coke plants in 
this country consists of various proportions of high- 
and low-volatile coking coals,’ it seems reasonable 
to expect that such blending practice should prove 
to be of value when applied to the western coals. 
The effect of this is shown in Fig. 3. In the upper 
section of this chart it will be noted that Colorado 
high-volatile coal blended with either Pocahontas or 
Oklahoma low-volatile coal gave similar results.° 
Utah coal when blended with Oklahoma low-volatile 
coal also shows gratifying improvement’ (p. 18 of 
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Fig. 5—Effect of use of coal tar pitch. 
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Fig. 6—Effect of use of petroleum coke. 


ref. 7) and the result of such blending is shown in 
the lower section of Fig. 3. One important difference 
should be noted: with Colorado coal the curves 
flatten out as the percentage of low-volatile coal is 
increased, whereas with Utah coal the curve con- 
tinues to rise. This may be taken as an indication of 
the deficiency of coke-forming bitumens in Utah as 
compared with Colorado coals. One additional point 
is of interest and also serves to illustrate the differ- 
ence between the Colorado and the Utah coals: the 
shatter and tumbler values as secured with about 
20 pet low-volatile coal additions to Utah coal show 
physical test values very little higher than those for 
Colorado coal with no low-volatile coal added. 

Blending High-Volatile Coals with Char: It may 
be found that low-volatile coking coals are not 
available for economical use as blending agents. In 
such cases char may be found to be a very desirable 
substitute. This has been demonstrated at several 
plants using western coals, and Colorado and Utah 
coals respond well to the use of this material. In 
the preparation of char by the partial devolatiliza- 
tion of high-volatile coals at low temperatures, it 
has been demonstrated that the char must be in 
effect tailor-made to yield optimum results with 
each base coal used. It has been found that in pre- 
paring char the following are important: I—the 
coal from which the char is made, 2—the amount of 
char to be used in the final mixture, 3—the degree 
of pulverization of the char, 4—the average volatile 
content of the char and its variation from this av- 
erage, and 5—the physical properties of the char, 
with particular reference to its surface. 

When char is properly made and used, its effects 
are similar to those achieved by the use of low-vola- 
tile coals. Results obtained from tests of char used 
with Colorado coal" (p. 7 of ref. 11) and with Utah 
coal’ (p. 30 of ref. 7) are shown in Fig. 4. 

Blending with Coal Tar Pitch: If, as has been pre- 
viously suggested, Utah coals are deficient in coking 
bitumens and hence lack fluidity, it would appear 
that the addition of some bituminous material of 
highly fluid nature when hot should be of benefit. 
Coal tar pitch represents such a material, and the 
effects of its use with Colorado coal’ (p. 95 of ref. 5) 
and with Utah coal’ (p. 14 of ref. 7) are shown in 
Fig. 5. It will be noted that considerable improve- 
ment is indicated in both tumbler and shatter in- 
dices. One possible reason for this in connection 


with the Colorado coals may be found in the fact 
that certain of the coals from New Mexico which are 
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used in the base high-volatile mixture may be as de- 
ficient in bitumens as are the Utah coals. 

Blending with Petroleum Coke: The effect of us- 
ing petroleum coke of about 10 pct volatile matter 
content in various proportions with Colorado high- 
volatile coals is shown in the upper section of Fig. 
6° (p. 92 of ref. 5). A comparison of these curves 
with those shown for the use of coal tar pitch will 
indicate considerable similarity. Both these blend- 
ing agents were considered impractical because of 
their scarcity. 

Blending with Anthracite Fines or Coke Breeze: 
The use of specially prepared anthracite fines is not 
uncommon in cases where it is desired to make a 
coke of size suitable for foundry use yet retain the 
volume of products which result from fast coking 
times. Anthracite fines of the proper screen size 
specifications are not available in the Rocky Moun- 
tain states, and fine coke breeze was used as a sub- 
stitute. It was found that the desired increase in 
size could be secured and that this was accompanied 
by an improvement in shatter values, but also by a 
lowering of resistance to abrasion. The use of breeze 
also appeared to affect certain combustibility charac- 
teristics of the coke to an unsatisfactory extent, and 
its use was discontinued before any authentic data 
were secured. 

Conclusion 

It should be stressed that each coal presents a 
problem for individual study; no general rule ap- 
plies to all. Although it has not been mentioned, the 
matter of cost must not be overlooked; the cost of 
blending procedures must be measured against the 
value of benefits secured. Such a study might dis- 
close that the cost of blending is greater than the 
value of the improvement in coke quality. 
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Announce Papers For 
Nova Scotia Meeting 


Technical session arrangements 
are complete for the joint meeting 
of the Industrial Minerals Div. of 
the AIME and the Canadian Insti- 
tute of Mining and Metallurgy with 
the Mining Society of Nova Scotia, 
September 8 to 13. Meeting head- 
quarters will be the Keltic Lodge, 
Ingonish. 

The first technical session is sched- 
uled for Wednesday, September 9, 
starting at 10 am. Papers to be pre- 
sented are Industrial Minerals in the 
Chemical Industry, by J. R. Donald; 
Properties and Application of Iron 
Blast Furnace Slag, by J. R. Wallace, 
N. Weiner, and P. Fedora; and Geol- 
ogy and Mining of Nova Scotia 
Gypsum, by N. R. Goodman and 
Cc. B. Hume. 

Another technical session is sched- 
uled for Thursday morning. Papers 
listed for the meeting are: Petrology 
and the Industrial Minerals, by Ian 
Campbell; Fluorspar Resources of 
Newfoundland, by G. F. Carr; Pres- 
ent and Proposed Fluorspar Milling, 
St. Lawrence, Newfoundland and 
Wilmington, Delaware, by W. E. 
Seibert, Jr.; and Phosphate Rocks 


as an Economic Source of Fluorine, 

by W. H. Hill and K. D. Jacob. 
Three papers are scheduled for 

the third technical session, Friday. 


4 


Historic Fort Anne at Annapolis Royal, Nova Scotia, is one of the sights awaiting 
AIME members. The old officers’ quarters, built by order of the Duke of Kent, is 


They are: Development of a System 
of Mine Valuation in New York 
State for the Purpose of Establish- 
ing Assessment Equalization Rates, 
by J. J. Prucha and J. R. Thorne; 
Some Geologic Features of a Potash 
Deposit, by C. L. Jones; and Impor- 
tance of Water in Industry, by J. F. 
L. Thomas. 


White sails are mirrored in the smooth surface of Halifax's aquatic paradise, The 


North West Arm. Nova Scotia’s shoreline offers almost unlimited aquatic opportunities. 


The last technical session takes 
place Friday afternoon with the fol- 
lowing papers planned for presenta- 
tion: Barites Resources of Nova 
Scotia, by C. O. Campbell; Kyanite 
in Canada, by V. A. Haw; and Meth- 
ods of Proving Worth of Clay and 
Shale Deposits, by J. F. McMahon 
and W. Brownell. 

In addition to the technical ses- 
sions, there will be four sound films 
Wednesday evening. Titles of films 
are: Photogeology, Bricks From the 
Sea, Nova Scotia Industries, and 
Sulphur. 

Afternoons will be spent largely 
on sports, field trips, and sightsee- 
ing tours. A series of sports contests, 
including golf, tennis, archery, darts, 
lawn bowling, shuffle board, quoits, 
and ping-pong, are scheduled for 
Thursday starting at 2:30 pm. In 
addition, there will be an oppor- 
tunity for bridge lovers to match 
cards and wits. 


AIME headquarters needs 
copies of Ore Deposits of the 
Western States and will pur- 
chase them at $3.50 per volume. 
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For President 


H. DeWitt Smith, mining engineer, 
Newmont Mining Corp., New York, 
has been nominated for the Presi- 


H. DeWITT SMITH 


dency of AIME in 1955. Mr. Smith 
was born at Plantsville, Conn., and 
graduated from Hartford Public 
High School. In 1908 he received his 
Ph.B. from Yale University and his 
E.M. in 1910. After graduation from 
college he joined J. E. Spurr, Inc., 
as an engineer, and worked in the 
western United States and Mexico. 
From 1914 to 1917 Mr. Smith was 
foreman, mine superintendent, and 
assistant manager, successively, for 
Kennecott (Alaska) Copper Corp. 
He then joined the United Verde 
Copper Co., Jerome, Ariz., as mine 
superintendent. He later became 
general superintendent and was 
sales manager, New York City, from 
1927 to 1930. Thereafter Mr. Smith 
was an engineer in the industrial 
dept. of the New York Trust Co. for 
three years. He then became asso- 
ciated with the Newmont Mining 
Corp. and has been a director since 
1930 and a vice-president since 1946. 
He is also a director and member of 
the executive committee, Phelps 


H. DeWitt Smith Heads 1954 AIME Nominations Slate 


Dodge Corp. and St. Joseph Lead 
Co. Mr. Smith is managing director 
of the O’okiep Copper Co., Ltd., and 
Tsumeb Corp., Ltd. He was adviser, 
vice-president and executive vice- 
president, Metals Reserve Co., a sub- 
sidiary of RFC, from 1941 to 1944. 
At this time Mr. Smith had been a 
Director of AIME, but resigned 
when he joined Metals Reserve Co. 
He was also Chairman of the AIME 
Nominating Committee in 1939. For 
nine years he has been a member of 
the Seeley W. Mudd Memorial Fund 
Committee and is now Chairman. In 
1949 Mr. Smith was a Vice-Chair- 
man of the 75th Anniversary Com- 
mittee, AIME. He is a past president 
of the Mining & Metallurgical So- 
ciety of America and also of the 
Mining Club. 


For Vice-Presidents 


Theodore Benton Counselman has 
been nominated as a Vice-President 
and Director of AIME. Mr. Counsel- 
man is manager of FluoSolids sales 
for The Dorr Co., Stamford, Conn. 
Columbia University gave him his 
E.M. degree in 1907 and he then began 
his career in the test mill of the Inspi- 
ration Copper Co. For a few years he 
was associated with the Cananea 
Consolidated Copper Co. and from 
1912 to 1915 was a metallurgist for 
the Arizona Copper Co., Ltd. Mr. 
Counselman was engaged in re- 
search work for the Miami Copper 
Co. for one year and later worked 
in Minnesota for the Mesabi Iron 
Co. He became sales engineer with 
the Celite Products Co., Chicago in 
1923. For two years he was Western 
representative for the Clark Car Co. 
and then joined Fort Pitt Mine 
Equipment, Pittsburgh, as _ sales 
manager. Mr. Counselman joined 
The Dorr Co., and has been sales 
engineer; manager, industrial div.; 
manager, contract engineering div.; 
and manager, FluoSolids sales, re- 
spectively. Among his inventions 


S. S. Clarke, Chairman of the Nominating Committee, has announced 
nominations for President-Elect, Vice-Presidents, and Directors for 
1954. As provided in Art. IX, Sec. 
Associate Members may sign and transmit to the Secretary's office 
prior to Sept. | “any complete or partial ticket of nominees,” should 
they wish other candidates to be considered. 

In such instance, a letter ballot will be forwarded to all Members 
in good standing in the United States, Canada, and Mexico, tabulating 
both the official ballot and any supplementary nominations. 


2, of the bylaws, 25 Members or 


supplementary nominations are thus received, no letter ballot will be 
printed, and nominees on the official ballot shall be declared duly 
elected at the meeting of the Board of Directors or the Executive 
Committee in November. 


If no 
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are magnetic separators, equipment 
for manufacturing synthetic rubber, 
and classifiers. He has written nu- 
merous technical articles on hand- 
ling of flue dust in blast furnace 
plants, concentration of low grade 
iron ores, and manufacturing of ce- 
ment. Mr. Counselman has been ac- 
tive in AIME as Chairman of the 
Chicago and New York Sections, 
Blast Furnace and Raw Materials 
Vice-Chairman, and Iron and Steel 
Div. Vice-Chairman. He has also 
served on awards and admission 
committees. For the last three years 
he has been Chairman of the Na- 
tional Membership Committee. Mr. 
Counselman is also a Member of the 
Executive Committee of the Insti- 
tute and was named a Director in 
1952. He was recently appointed a 
Vice-President for a one-year term. 
He holds membership in various 
professional societies and clubs. 


T. B. COUNSELMAN H. DECKER 


Harold Decker, president, Houston 
Oil Co. of Texas, has been nomi- 
nated for Vice-President and Direc- 
tor of AIME. Mr. Decker received 
his college education at Kenyon Col- 
lege, Gambier, Ohio, and the Uni- 
versity of Oklahoma. He has also 
attended the Advanced Management 
Program of the Harvard University 
Graduate School of Business Admin- 
istration. He has been associated 
with the Skelly Oil Co. and also the 
Seaboard Oil Co. In 1945 he joined 
the Pan American Production Co. as 
assistant manager and was promoted 
to vice-president and general man- 
ager. He resigned from this firm in 
1950 to accept the presidency of 
Houston Oil Co. He is also president 
of the East Texas Pulp & Paper 
Co. Mr. Decker is a director of 
Halliburton Oil Well Cementing 
Co., Duncan, Okla., and of the South 
Texas National Bank, Houston. He 
is also a trustee of Southwest Re- 
search Institute and the Institute 
of Inventive Research, San Antonio. 
For years he has been active in va- 
rious oil industry organizations. He 
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holds membership in the API and is 
a director of the Texas Mid-Con- 
tinent Oil and Gas Assn. Mr. Decker 
is a director of the Independent 
Petroleum Assn. of America and 
vice-president of the Southeast Tex- 
as District. In 1947 he was Chairman 
of the AIME Gulf Coast Section. In 
1948 and 1949 he was a Member of 
the Petroleum Branch Executive 
Committee and has been a Director 
of AIME since 1950. 


For Directors 


E. C. Babson, who has been nominat- 
ed a Director of AIME for a three- 
year term, has been manager of the 
Canadian div. of Union Oil Co. of 
California, Calgary, Alberta, since 
1951. Born in Los Angeles, he is a 
graduate of Stanford University, 
with an A.B. in 1930 and an MLE. in 
1933. On graduation in that year he 
joined the Union Oil Co. of Cali- 
fornia as a research chemist at Wil- 
mington, Calif. Mr. Babson has held 
various positions with this company. 
From 1936 to 1944 he was production 
engineer at Compton, Los Angeles, 
and Santa Fe Springs, Calif. For 
two years he was a lecturer in met- 
allurgy in a war training program 
at the University of Southern Cali- 
fornia. Mr. Babson was made dis- 
trict production foreman for Union 
Oil in 1944. He became staff engi- 
neer at Whittier, Calif. in 1948, and 
in 1949 was appointed assistant chief 
petroleum engineer, Los Angeles. In 
1951 he was acting chief, reserves 
section, production div. Petroleum 
Administration for Defense. 


E. C. BABSON 


George D. Dub, assistant to the pres- 


ident, Cyprus Mines Corp., Los 
Angeles, has been nominated Direc- 
tor of AIME. Mr. Dub received his 
B.S. from City College, New York, 
and his E.M. from Columbia School 
of Mines. From 1912 to 1925 Mr. Dub 
was employed as a mining engi- 
gineer by various companies. He has 
been located in Arizona, Montana, 
New Jersey, Washington, D. C., 
Chile, and Peru. In 1926 he was su- 
perintendent, general manager for 
the Pacific Alkali Co. and Pitts- 
burgh Plate Glass Co., Bartlett, 
Calif. For approximately five years, 
Mr. Dub was a consulting engineer 


in Los Angeles and in 1951 joined 
Cyprus. 


Ralph E. Kirk, manager of raw ma- 
terials, Tennessee Coal & Iron Div., 
U. S. Steel Corp., Fairfield, Ala., has 
been nominated as a Director of 
AIME for a three-year term. Mr. 
Kirk joined U. S. Steel in 1936 and 
was appointed to his present position 
in 1943. Born in Luthersburg, Pa., 
he is a graduate of Pennsylvania 
State College. Mr. Kirk was super- 
intendent of the Luzerne Coal & 
Coke Co. from 1914 to 1916 and then 
joined the H. C. Frick Coke Co. as 
superintendent. Mr. Kirk joined the 
Army during World War I and, after 
his discharge with the rank of cap- 
tain, he rejoined the Frick Coke Co. 
In 1930 he accepted the position of 
general superintendent, Mahanoy 
div., Philadelphia & Reading Coal & 
Iron Co. He holds membership in 
several professional societies and 
had been a Chairman of the AIME 
Coal Div. 


R. E. KIRK Cc. C. LONG 


Carleton C. Long has been nom- 
inated for Director of AIME for a 
three-year term. Dr. Long was 
Chairman of the Metals Branch 
Council in 1951, Chairman of the 
Extractive Metallurgy Div. in 1950, 
and served as Chairman of the Lead- 
Zinc Committee in 1948. Born in 
Boulder, Colo., Dr. Long received his 
B.S. in chemical engineering from 
the University of Colorado in 1931. 
In 1932 he received an M.A. in 
chemistry from Stanford Univer- 
sity and a Ph.D. from Colorado in 
1935. He has been associated with 
the St. Joseph Lead Co. zinc smelt- 
ing div. since 1935. He started as a 
research engineer at the Josephtown 
smelter. In 1937 he was appointed 
director of the plant research dept., 
Monaca, Pa., a position he still holds. 
Dr. Long has made contributions to 
the literature of the electrothermic 
winning of zinc and is a member of 
several professional societies. 


Earl Robert Marble, currently man- 
ager of the Tacoma smelter, Ameri- 
can Smelting & Refining Co., Ta- 
coma, Wash., has been nominated as 
a Director for three years. A native 
of Attleboro, Mass., Mr. Marble 
graduated from Tufts College in 
1908. Prior to joining AS&R in 1914, 


Mr. Marble was a chemist with the 
Nevada Douglas Copper Co., Lud- 
wig, Nev. His first position with 
AS&R was that of chemist at Hay- 
den, Ariz. He was promoted to su- 
perintendent in 1923 and transferred 
to El Paso in 1927 as general super- 
intendent. He held the same posi- 
tion at Tacoma until 1947 when he 
was appointed manager. Mr. Marble 
is a director of various organiza- 
tions including the Northwest Min 
ing Assn., Assn. of Washington In 
dustries, and Tacoma Chamber of 
Commerce. 


E. R. MARBLE P. J. SHENON 


Philip J. Shenon has been nominat- 
ed as an AIME Director for a three- 
year term. Dr. Shenon was recently 
named a director of Day Mines, Inc. 
He is an authority on the Coeur 
d'Alene silver belt. Dr. Shenon has 
been in the employ of Day Mines 
since shortly after the end of World 
War II as a consulting geologist. 
He was born at Salmon, Idaho and 
is a graduate of the Universities of 
California, Idaho, and Minnesota. 
Following graduation he was em- 
ployed as a geologist for the San 
Francisco Mines of Mexico, Conti- 
nental Oil Co., and Idaho Bureau of 
Mines, successively. In 1928 he 
joined the staff of the Montana 
School of Mines as an assistant pro- 
fessor of geology. Two years later 
Dr. Shenon became associated with 
the U. S. Geological Survey and 
worked in western mining districts 
He then worked in Canada as ex 
ploration geologist for the Interna- 
tional Nickel Co. of Canada and re 
turned to the United States in 1942 
as consulting geologist During 
World War II he served in the topo- 
graphical mapping section of the 
Army. After his discharge he was 
named dean of the School of Mines, 
University of Utah. He resigned in 
1952 to set up private consulting 
practice. Dr. Shenon was Chairman 
of the AIME Columbia Section in 
1947, Chairman of the Mining Geol.- 
ogy Committee in 1948, and was first 
Chairman of the Mining, Geology 
and Geophysics Div. in 1949 and 
1950. Dr. Shenon was active in the 
formation of the latter division, He 
was a Member of the Mining Branch 
Council in 1950 and 1951. He holds 
membership in professional socie- 
ties in the United States and Canada. 
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CORES 


from ANY formation 


The efficient organization and equipment developed 
during more than sixty years of successful world- 


Juarez, Mexico is just a short trolley ride across the Inter- 
national Bridge from EI Paso. 


El Paso Program Complete 


Plans have been finalized for the AIME Regional 
Meeting to be held October 28 to November 2 at El Paso. 
The meeting is being held in connection with the City’s 
International Mining Days celebration. 

Program arrangements for the Industrial Minerals 
Div. and Mining Geology are complete with two field 
trips scheduled for the last two days of the five day 
program. One trip will be to the Carlsbad Caverns at 
Carlsbad, N. Mex., Sunday, November 1. The Carlsbad 
potash mines are on the schedule for the next day. 

Industrial Minerals papers will include such sub- 
jects as the industrial minerals of the Navajo area of 


| Arizona; Bentonite in McKinley County, by John Allen; 


wide experience in contract diamond drilling enable | 


us to obtain a high percentage of core from any 


rock or ore formation. Unfavorable conditions are 


overcome, in many cases, through the use of special | 


tools developed by our own engineers and manu- 


factured in our own extensive shops. | 
Besides all types of exploratory drilling for coal and | 


ore, our service includes foundation testing and 
Experienced crews and super- 
visors are available for service anywhere in the 


pressure grouting. 


United States and most foreign countries. Estimates | 
submitted promptly on request. 


LY 
Vv 


The same high-speed drilling 
machines, improved diamond 
bits and complete accessory 
equipment used by our own 
crews are available to other 
diamond drill operators. Write 
for Bulletin 320 and tell us 
about your operating condi- 
tions. Our experienced exec- 
utives welcome opportunities 
to make money-saving sug- 
gestions, based on results ob- 
tained by our crews under 
similar conditions, 


See our 4 page insert 
in the McGraw-Hill 
Mining Catalogues. 


SPRAGUE & 
HENWOOD, INC. 


SCRANTON 2, PA. 
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Oct. 31 


and New Developments in Carlsbad Area. 

International Mining Days is sponsored by the El] Paso 
Chamber of Commerce. This year’s celebration is ex- 
pected to be one of the biggest in the event's history. 
Mining men from the U. S., Mexico, and Canada are 
already making plans to attend. Members planning to 
be at the Regional Meeting should contact T. R. Lind, 
Chairman, Hotel & Housing Committee, International 
Mining Days '53, Chamber of Commerce, 310 San Fran- 
cisco St., El Paso, Texas. 

The Hotel Paso Del Norte will be meeting headquar- 
ters, but accommodations range from hotels to motels. 
Rates vary according to the type of accommodations 
desired. 

El Paso, called the “sunshine playground of the 
Border,” is close enough to old Mexico to make walk- 
ing, personal car, or taxi feasible transportation for a 


| short jaunt south of the border. 


El Paso Program 
Registration 


Evening Committee & Directors meetings 


Registration 
Welcoming luncheon 
First technical session 
Open 


Registration 

Second technical session 
Group luncheons 

N.M.M.A. (General meeting) 
A.1.M.E. Banquet 


Ranchero Breakfast 
Third technical session 
Open 

Fourth technical session 
Suppliers Party 


pm 
Evening 


Field trip—Carlsbad Caverns 
Field trip—Potash Mines 


Sprague & Henwood 
q contract drilling rig at 
i an iron ore property in 
4 
| 
| DIAMON | 
ul D BITS 
SPRAGUE 
4 Noon 
ay \ vening 
Noon 
; am 
Nov. 2 


Hibbing Meeting Committee in Full Swing 


Preliminary plans for the Fall Meeting of the Minerals Beneficiation Div., 
August 31 to September 2, at Hibbing, Minn., include an education session, 
a morning of technical discussion, and a series of field trips. Grover J. Holt 
is Chairman of the Local Arrangements Committee of the host Minnesota 


GROVER J. HOLT 


A. Fletcher Addresses 
Missouri Students 


AIME President Andrew Fletcher 
pointed to the advantages offered 
by Institute membership to a gather- 
ing of students on the campus of 
Missouri School of Mines and 
Metallurgy. 

In his talk to the students, Mr. 
Fletcher also stressed personal at- 
tributes needed by young men en- 
tering the mining field. He also 
compared the U. S. lead and zinc 
position with that of the rest of the 
world. Mr. Fletcher predicted a 
healthy future for the U. S. industry. 


Adirondack Section 
Elects Delegates 


Paul Allen was elected to fill the 
unexpired term of C. DeWitt Smith 
as Adirondack Section Delegate to 
the Annual Meeting. Mr. Smith pre- 
viously requested that a delegate be 
named in his place in July for an 
additional two years. 

G. Fleck was elected as an alter- 
nate delegate to the Annual Meeting 
and will automatically succeed Mr. 
Allen as regular delegate in 1956 for 
a two year term. Both elections took 
place at the Section’s May meeting 
at Star Lake, N. Y. 

H. H. Vogel, Section President, an- 
nounced that AIME President An- 
drew Fletcher would address the 
August meeting of the group sched- 
uled for Gouverneur, N. Y. The Sep- 
tember meeting has been tentatively 
scheduled for Plattsburg. An open 
house invitation has been extended 
for inspection of the new Cabot 
wollastonite processing mill. 

A. B. Moore, General Electric Co., 
spoke to the group on The Industrial 
Power System—How to Get the Most 
for Your Dollar. 


Section. Finance; Housing; Publici- 
ty; Registration; Technical; Trips; 
Transportation and Luncheon; and 
Entertainment Committees are bus- 
ily at work setting up the facilities 
and activities for the meeting. 

Field trips are scheduled for Sep- 
tember 1 and 2. They will cover: 
Heavy media separation and cyclone 
plant; sintering plant; taconite plant; 
stripping and mining operations us- 
ing belt conveyors, trucks, and drag- 
lines; and fusion piercing. One 
morning will be devoted to technical 
sessions. 

Meeting registration for members 
will be $4.00; nonmembers $6.00; and 
students will be admitted without 
charge. Checks must accompany pre- 
liminary registration. 

The Housing Committee warned 
those who plan to attend the meet- 
ing not to wait to the last minute 
to make reservations. 


James K. Mullins, Coeburn, Va., admires 
watch awarded to him as outstanding 
student in coal mining engineering at 
Virginia Polytechnic Institute. The award 
is made annually by the Old Timers Club, 
composed of leading eng s in the 
country 


Utah Section members joined with student members at the University of Utah for the 
annua! Joint Dinner Meeting. More than 100 members and guests attended the affair. 


tion. 


923 Glasgow Avenue 


NEW Model D Leahy Increases Efficiency 


Greater flexibility in action and even 
better screen vibration have been added 
to the high efficiency of the Leahy No- 
Blind Vibrating Screen by means of a 
new lower end suspension that makes 
for quicker and better jacket tensioning. 
Available with or without FlexElex 
electric heating. Ask for full informa- 


THE DEISTER CONCENTRATOR COMPANY 


Fort Wayne 3, Indiana 
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Personals 


M. D, Banghart is now managing di- 
rector of O’okiep Copper Co. Ltd. 
J. M. MacLeod is general manager 
and E. S. W. Hunt is manager. Mr. 
Banghart has also been made man- 
aging director of Tsumeb Corp. Ltd. 
Charles E. Stott is general manager. 
J. B. Ward is manager and J. P. 
Ratledge is assistant manager. The 
anouncement of the changes in both 
these African firms was made from 
the New York office of H. DeWitt 
Smith. 


Howard A. Meyerhoff is now presi- 
dent of the Scientific Manpower 
Commission with offices at 1530 P. 
Street, N.W., Washington, D.C. 


Robert L. Hamilton has left Butte, 
Mont., and is in Chuquicamata as 
junior geologist with the Chile Ex- 
ploration Co. 


Frank F. Kolbe, president, United 
Electric Coal Co., Chicago, has been 
elected to the board of directors of 
Clark Equipment Co. 


Ernest N. Patty and Merle Tuve 
were awarded doctor's degrees at 
the 1953 commencement of the Uni- 
versity of Alaska. Mr. Patty, presi- 
dent of Alluvial Golds Inc., was one 
of the first six faculty members 


when the college opened in 1922. 


As Originators 
of Rivetless Chain, 
Wilmot Offers Widest Choice of 

Chain Sizes and Conveyor Attachments | 


Catalog 513 is a standard reference on rivetless 
chain for all applications. Lists the largest avail- 
able choice of chain sizes and attachments; also 
every type of part for conveyors and elevators. 


Investigate Wilmot DUCTILE IRON Castings= Bulletin 512 


H. I. Altshuler after more than 30 
years of foreign mining principally 
in Latin America is returning to the 
U. S. Formerly general manager of 
Frontino Gold Mines Ltd. in Colom- 
bia, Mr. Altshuler will make his 
home at 18 Oak Street, New Canaan, 
Conn. 


Ross L. Dobbin was elected presi 
dent of The Engineering Institute of 
Canada in May. Immediately fol- 
lowing his induction as president, 
Mr. Dobbin flew from Montreal to 
London to represent the Institute in 
Westminster Abbey for the corona- 
tion of Queen Elizabeth IL. 


Richard V. Colligan, mining geolo- 
gist, has been made Cuban represen- 
tative of Freeport Sulphur Co. and 
its subsidiary, Nicaro Nickel Co. Mr. 
Colligan is in charge of development 
work at Moa Bay. 


James A. Ross, after 30 years as head 
of Sprague & Henwood, Scranton, 
Pa., is now chairman of the board. 
Succeeding him as _ president is 
Adrian E. Ross. William J. Schank 
has been made senior vice president 
and general manager. 


John W. Lampert is now employed 
by the Aluminum Co. of America at 
Rosiclare, Ill. as a mining engineer. 
He was with Resurrection Mining 
Co., Leadville, Colo. 


HAZLETON, PA. 
Foundry and Shops: 


WILMOT ENGINEERING CO. 
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Horace M. Albright was chosen 
Alumnus of the Year for 1952 
by the alumni of the Univer- 
sity of California. Mr. Albright, 
who graduated in 1912, is pres- 
ident of the U. S. Potash Co., 
New York, and also widely 


known for his outstanding 
work on conservation. 


Richard C. Diehl, president of Chase 
Brass & Copper Co., Waterbury, 
Conn., was elected president of the 
Copper & Brass Research Assn., 
New York, at the annual spring 
meeting of the Association held re- 
cently in Hot Springs, Va. 


Joseph F. Harrington, U. S. Geologi- 
cal Survey, is in South America on a 
Point Four assignment for mineral 
resources development in Colombia 
and Ecuador. 


C. A. Weekley is in charge of the 
Ore Dressing Department of the re- 
cently announced Soriano y Cia. 
operations in the Philippines called 
the Atlas Mining & Development Co. 
Mr. Weekley was with Marsman & 
Co. in Manila. He was on the board 
of directors and chief metallurgist 
for four mines managed by Marsman. 


John F. Haynes of the U. S. Bureau 
of Mines is now in Tuscon, Ariz., as 
a field engineer with the Mining 
Methods Branch of Region IV. He 
was formerly in Salt Lake City. 


Harold L. Childress was named to 
succeed O. W. Bilharz as president 
of Tri-State Zinc & Lead Ore Pro- 
ducers Association. The offices for 
the association which covers the 
Missouri-Kansas-Oklahoma district 
will continue to be located in Baxter 
Springs, Kans. 


H. W. Straley, Hl, after spending the 
field season in geophysical investiga- 
tions of chromite deposits in North 
Carolina, is in Princeton, W. Va. 


Malcolm B. Gould is now president 
of H. W. Gould & Co., San Francisco, 
as well as head of Klau Mine Inc. 
Mr. Gould plans an intensive ex- 
ploration program directed toward 
the production of both metallic and 
nonmetallic ores. 


7 
248-P. > 
| WILMOT CHAIN 
ONVE YOR 
Catalog 
| 
VA 
; 
WHITE HAVEN, PA. 


Elwood S. Moore, retired professor 
of geological sciences, University of 
Toronto, has been appointed an as- 
sociate of Behre Dolbear & Co. with 
offices in Toronto. 


Arnold Ziffzer has left McNally- 
Pittsburg Mfg. Corp. and is now a 
consulting mining engineer and 
geologist on Hiway 62 East, Eureka 
Springs, Ark. 


Franz L. Mayer has left his position 
as research metallurgist with Patino 
Mines in Bolivia and is working as 
research engineer with the Tin Pro- 
cessing Corp., Texas City, Texas. 


Roger L. Wensley has accepted 
chairmanship of the committee of 
Columbia Engineering School alum- 
ni who are conducting a drive to 
obtain financial support from cor- 
porations for Columbia University’s 
new Engineering Center. Mr. 
Wensley, a 1916 graduate of the 
School of Mines, is chairman of the 
board of G. M. Basford Co., an in- 
dustrial advertising agency. 


Lester R. MacLeod, after three and 
a half years in Chuquicamata with 
Chile Exploration Co., has returned 
to the United States. He is in the 
Engineering Dept. of Anaconda 
Copper Mining Corp., with his head- 
quarters in New York. 


Elton A. Youngberg, recently geolo- 
gist with the Juneau Office of the 
U. S. Geological Survey in Alaska, 
is in Washington, D.C. with the 
Division of Raw Materials of the 
Atomic Energy Commission. 


Charles Will Wright, mining con- 
sultant, has just returned to Wash- 
ington, D. C. from Mexico where he 
conferred with the Ministry of 
Economy and other officials. 


WALTER A. STERLING 


Walter A. Sterling was elected pres- 


of The 
Cleveland, Ohio. Mr. 


directors 
Iron Co., 


Sterling was formerly vice president 


in charge of mine operations. 


ident and a member of the board of 
Cleveland-Cliffs 


H. D. (Hank) Clark and Charles W. 
Yetter have organized a new group 
known as Engineers Associates Inc. 
in Grand Junction, Colo. This or- 
ganization renders consulting engi- 
neering and management services 
with particular reference to the 
Colorado Plateau uranium industry. 


Francis B. Speaker has returned 
to Hewitt-Robins, Stamford, Conn. 
Since the outbreak of the Korean 
War, he has been in Washington, 
D. C. as director of the Mining Re- 
quirements Division of DMPA. 


Clyde W. Hall, who was president of 
United Clay Mines Corp., Trenton, 
N. J., is now chairman of the board. 
He is living in De Land, Fla. 


A. Thunaes is now director of re- 
search and development for Eldora- 
do Mining & Refining Co. with 
headquarters in Ottawa, Ont. 


A. F. Franz, president of the Colo- 
rado Fuel & Iron Corp., received the 
honorary degree of Doctor of Com- 
mercial Science at the 93rd com- 
mencement of St. Bonaventure Uni- 
versity, New York. 


T. L. B. Jepsen is in Trujillo, Peru, 
as mill superintendent for the North- 
ern Peru Mining & Smelting Co. His 
former assignment was in Bolivia 
with Cia. American Smelting Bo- 
liviana. 


The New Acker Teredo 
Diamond Core Drill 


is Acker’s new, versatile 


construction can't be beat, 
See for yourself — write 


for Bulletin 33-ME. 


No temp@ramental prima-donna 


Teredo Core Drill —it performs 
efficiently with any power plant. 
And for dependable, low-cost, 
trouble free operation anywhere 
in the world—Acker design and 


RALPH K. GOTTSHALL 


Ralph K. Gottshall was elected pres- 
ident of Atlas Powder Co., Wilming- 
ton, Del. Mr. Gottshall, formerly 
executive vice president, joined At- 
las Powder Co. as a chemist in 1927 
following his graduation from La- 
fayette College. 


Darwin E. Neihaus received a watch 
from the Old Timers Club on the 
recommendation of the faculty as 
the outstanding senior in coal min 
ing engineering at the University of 
Illinois. The presentation was made 
by Harry M. Moses. Mr. Neihaus is 
employed by the Sahara Coal Com 
pany, Harrisburg, IL. 


gasoline, 
kerosene 
or diesel 
engines 


Over 30 years’ experience in the design 


and development of Drilling Equipment. 


ACKER DRILL CO., INC. 


SCRANTON 3, PA. 
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TY-ELECTRIC HEATED 
TY-ROCK SCREEN 


“for efficient screening of damp materials” 


INCREASE 
PRODUCTION 


REDUCE 
LABOR COSTS 


with a 


SAUERMAN 
SCRAPER 


With just one mon at the controls, a Sauerman Drag Scraper 
handles a difficult job of stockpiling, pit excavation, stripping, 
waste removal, pond cleaning, etc. . . and saves you money. 


Send us the details 
of your damp 
screening prob- 


Above picture shows a Sauerman Scraper machine with movable 
lems so our Engi- T tail tower designed for stocking out and reclaiming large tonnages 
neering Depart- Ty-Rock Screen with Ty-Electric at a rapid rate. This is one of six basic types of Sauerman stockpiling 
ment can make Heating System. machines. 
recommendations. | 


First cost is reasonable. Maintenance is simple and inexpensive. 
Flexible range to suit your requirements. Electric, gasoline or diesel 
power. Write today for engineering advice and catalogs on your 
material handling problems. 


SAUERMAN BROS., INC. 


_ THE W. S. TYLER COMPANY 


CLEVELAND 14,0HIO * U.S.A. 


Canadian Plant—St. Catharines. Canada 


Announcing the new Ruska 


SUPERDIP 


* BETTER 


Lower per foot 
drilling costs with 
ASCOLITE NICOLITE BRONZOLITE: 


DIAMOND BITS BY 


ANTON 


Manufacturers of Diamond Tools 

333 W 52nd St., New York 19. N. Y. Cables: PROFITABLE, New York 

Send for catalogs 


* LIGHTER 
* SMALLER 


Ruska Instrument Corporation specializes in the devel- 
opment and manufacture of scientific instruments for 
the oil and mining industries. 


Write for Catalogue: 
“Magnetic Prospecting Instruments.” 


Ruska Instrument Corporation 
4607 Montrose Blvd. Houston 6, Texas 
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Obituaries 


aims of the Institute; and 


ship in the Institute; and 


highly skilled engineer; and 


the late Howard N. Eavenson. 


Memorial Resolution 
in honor of 
HOWARD N. EAVENSON 


WHEREAS, with the passing of Howard N. Eavenson in Pitts- 
burgh, Pennsylvania, on February 16, 1953, the Institute has lost 
one of its most loyal and respected members; and 

WHEREAS, through his fifty-two years of membership he gave 
freely of his time in advancing the objectives and elevating the 


WHEREAS, he served the Institute as its President in 1934, 
Vice-President in 1931 to 1933, and Director in 1917-1919, 1930 
and 1935-1936, as well as the first chairman and principal or- 
ganizer of the Institute’s Coal Division; and 

WHEREAS, he received the Saunders Medal in 1950 and became 
a Senior Member in 1950 on completion of fifty years’ member- 


WHEREAS, he served on many of the Institute’s important 
committees with unusual judgment and distinction, always in- 
terested in the advancement of his profession; 

THEREFORE BE IT RESOLVED, The American Institute of 
Mining and Metallurgical Engineers records with a great sense 
of loss and sorrow the passing of this marvelous friend and 


BE IT FURTHER RESOLVED, that this Resolution be spread 
on the minutes of this meeting and copy sent to the family of 


Newell G. Alford 


Hugh Robert Edwards (Member 
1916) died Feb. 23, 1953. Mr. Edwards 
was a consulting engineer in Los 
Angeles. He was born in Illinois and 
graduated from the University of 
Nebraska in 1904. After working as 
a transitman with a Mexican rail- 
road and as a bridge engineer with 
Western Pacific Railway, he became 
chief engineer for Hammon Engi- 
neering Co. in California and gen- 
eral manager of Santa Paula Oil As- 
sociation in San Francisco. He was 
at one time chief engineer for Anglo- 
Oriental Min. Corp. in England. 


Gerald B. Gould (Member 1934) died 
Mar. 20, 1953. Mr. Gould had been 
president of the Fuel Engineering 
Co. of New York since 1928 and a 
partner since 1938 in the New York 
firm of Gould, Henderson & Brunjes. 
During World War II Mr. Gould 
served as an advisory consultant on 
coal prices in charge of the solid 
fuel section of the OPA. He was 
born in Detroit and received his A.B. 
from Yale in 1910. After receiving 
his M.A. from the University of 
Pennsylvania in 1911, Mr. Gould 
joined the Fuel Engineering Co. He 
was the author of several books on 
his speciality, including “Judging 
Coal Values” and “Steam Genera- 
tion Steps Ahead.” He also con- 


tributed pamphlets for conventions 
of the American Society for Testing 
Materials and was a member of 
AIME’s Papers and Publications 
Committee for a number of years. 


Appreciation of 
Maurice William Summerhayes 
by R. L. Healy 


Maurice William Summerhayes, 
formerly managing. director of 
Wright-Hargreaves Mines Ltd. and 


test boring and grout hole drilling for bridges, dams and all 
heavy structures. Core Drill Contractors for more than 60 years. 


at the time of his death consulting 
engineer of that company, died in 
Duncan, B. C. on April 10th last, at 
the age of 81 years. 

He was born in England and was 
a graduate of the Royal School of 
Mines. His early years as a mining 
engineer took him to various parts 
of South America, Mexico and south- 
western United States. He spent the 
longest period of his professional 
life in northern Ontario, as operator 
and consulting engineer in Cobalt 
and in the Kirkland Lake and Por- 
cupine Camps. For several years he 
was manager of the Porcupine 
Crown Reserve Mine in Timmins in 
the early life of that company. He 
was manager of Wright-Hargreaves 
Mine from 1929 to 1949 until he re- 
tired from its active management 
in that year. 

Mr. Summerhayes was a member 
of the Canadian Institute of Mining 
& Metallurgy, the AIME, the Insti- 
tute of Mining & Metallurgy and a 
former president of the Ontario 
Mining Association. He took a keen 
interest in sailing, hunting and fish- 
ing and in his youth was a noted 
sprinter. 

He was ever a kindly and modest 
gentleman, with a host of friends 
who will sympathize with his two 
daughters, Mrs. Dorothy Barclay 
and Phyllis Summerhayes of Dun- 
can, B. C., in his passing. 


NECROLOGY 

Date Date of 
Elected Name Death 
1904 Clarence E. Abbott Apr. 14, 1953 
1951 Harry Dobrin October 1952 
1898 Harlan S. Emlaw Feb. 5, 1953 
1922 Elmer H. Finch Apr. 29, 1953 
1920 R. E. Gruber January 1953 
1939 Willard M. Hall Apr. 9, 1953 
1942 B.C. Leadbetter Oct. 10, 1952 
1916 Charles Lindmueller May 3, 1953 
1931 Sture Mortsell 1951 
1931 Francis M. Walters, Jr Apr. 18, 1953 


Drill Division 


Exploration for coal and other mineral deposits. Foundation 


MANUFACTURING CO. 


Contract Core 


MICHIGAN CITY 


INDIANA 
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Pp roposed for Membership 
MINING BRANCH, AIME 


Total AIME membership on May 31, 1953 
was 18,822; in addition 1227 Student Associ- 
ates were enroiled 


ADMISSIONS COMMITTEE 


O. B. J. Fraser, Chairman; Philip D. Wilson, 
Vice-Chairman; F. A. Ayer, A. C. Brinker, 
R. H. Dickson, Max Gensamer, Ivan A. 
Given, Fred W. Hanson, T. D. Jones, George 
N. Lutien, E. A. Prentis, Sidney Rolle, John 
T. Sherman, Frank T. Sisco, R. L. Ziegfeld. 

The Institute desires to extend its privi- 
leges to every person to whom it can be of 
service, but does not desire as members per- 
sons who are unqualified. Institute members 
are urged to review this list as soon as possi- 
ble and immediately to inform the Secre- 
tary’s office if names of people are found 
who are known to be unqualified for AIME 
membership 

In the following list C/S means change of 
status; R, reinstatement; M, Member; J, Jun- 
ior Member; A, Associate Member; S, Student 
Associate. 


Alabama 

Bessemer— Boyle, James R. (R.C/S—-S-J) 
Arizona 

Ajo—Jones, James S. (M) 


California 

Altadena—Pray, Lloyd C, (C/S—A-M) 
Mento Park—Knight, Joseph F. (A) 
Nevada City—-Eastman, Byron L. (R. M) 


Idaho 
Kellogg——Jasberg, Onni J. (R. M) 
Rathdrum-—Golding, Charles L. (R. C/S-—-A-J) 


Michigan 
Birmingham— Bodor, Robert L. (M) 
Caspian—-Pirolo, Dino H. (J) 


Missouri 
Kansas City--Banghart, Roger C. (J) 


Nevada 

Henderson—Love, Frank E. (R.M) 
Reno—-Wingfield, George 
Reno —Isbell, Clement V. (M) 

New Mexico 

Santa Rita—-Leroy, Paul G. (J) 
Vanadium—McClain, Charles W. (J) 

New York 

Bayside — Persons, Robert W. (M) 
Lewiston—Barnes, John F. (R. C/S—J-M) 


New York—-Macompber, W. Sturgis (A) 
Plandome--Zeckhausen, Paul W. (A) 
Ohio 

Powell Mangio, Charles A, (J) 
Oregon 


Grants Pass— Robertson, William S. (M) 
Portland—-Meyers, Joseph D. (J) 


Pennsylvania 

Johnstown—Kodrowsky, William G. (R.C’S 
S-J) 

Tamaqua Smith, James D. (R. C/S--S-M) 

Texas 

Datlas— Dallas, Orlan L. (M) 

Utah 

Satt Lake City— Whisenant, Rebert N. (M) 

Virginia 

Falls Church— Keller, George V. (J) 

Wyoming 

Rock Springs Douglas, Sanford J. (M) 

Africa 


British West Africa, N. Nigeria Blazewicz, 
Kazimierz 

S.W. Africa, Grootfontein—-Halupka, Herman 
A. (M) 

Union of South Africa, O’okiep, C.P. 
MacLeod, John M. (M) 


Australia 


Roseberry, Tasmania—-Henkel, John S. (R 
S-—S-J) 


Canada 

Ontario, South Porcapine—Girdwood, Charles 
P. (M) 

China 

Singapore—Tillia, Henry J., Jr. (R.M) 
Cuba 

Santiago Soto Bucarely, Luis B. (A) 

Mexico 


Durango, Doo. Maldonado, Carlos F. (M) 


Norway 


Sauda_-Reinertsen, Kristen (M) 


Peru 
Cerro de Pasco—-Iten, Ken W. B. (M) 
Lima—Bell, Jerry Y. (M) 
Lima—DeSzepessy Schaurek, Ali (J) 
Trujillo—Vanags, John F., Jr. (M) 
Philippines 


Mt. Province—Franco, Evaristo B. (M) 
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Construction 


Appraisals | 
Assayers 
Chemists 


Consulting 
Designing 


Professional Services 


Space limited to AIME members or to companies that have at least one member 
on their staffs. One inch, 


RALPH ADAIR 
Ore Dressing Consultant 
Burnsville, N. C. 


JAMES A. BARR 
Consulting Engineer 
Mt. Pleasant, Tennessee 


BEHRE DOLBEAR G COMPANY 
Consulting Mining Engineers 
and Geologists 
it Broadway New York 4, N. ¥. 


I. R. BERENT 
Engineering Consultants 
and Contractors 
Mineral Exploration, Mine Evaluation, 
Mine Designs and Mine Management 
156, Ataturk Bulvari—Ankara, Turkey 


BLANDFORD C. BURGESS 
Registered Professional Engineer 
ining Consultant 
Monticello, Georgia 


COWIN & CO. 

Mining Engineers and Contractors 
Consulting Shaft & Slope Sinking 
Appraisal Mine Development 
Reports Mine Plant Construction 


1-18th St. S. W. B'ham, Ale., Phone 56-5566 


RENE ENGEL 
Consulting Geologist 
1222 Blair Avenue 
South Pasadena, California 
Telephone: ALbany 0912 


GEORGE A. HOCH 
Thin Section Technician 
Standard and Oriented Sections 
Unconsolidated Materials a Specialty 
Dept. of Geology 
Franklin & Marshall College, Lancaster, Pa. 


CARLTON D. HULIN 
Mining Geology 
26th Floor San Francisco 4 
Shell Building California 


Cc. P. KEEGEL 
Mining and Metallurgical En 
Administration 
Specializing in Management and 
onsultation in Latin America 
707 South 6th Street, Las Vegas, Nevada 
Telephone 571 


KELLOGG KREBS 
Mineral Dressing Consultant 
564 Market St., San Francisco 4, Calif. 


LEDOUX & CO. INC. 
Chemists Assayers Spectroscopists 
SHIPPERS REPRESENTATIVES 
359 Alfred Avenue Teaneck, New Jersey 


JOSEPH T. MATSON 
CONSULTING MINING ENGINEER 
Examinations —Appraisals 


perations 
P. O. Box 170 Santa Fe, New Mexico 


CLAYTON T. McNEIL, E. M. 
Consulting Mining Engineer 
822 Bank of America Bidg. 
Tel. GArfield 1-2948 


SAN FRANCISCO 4, CALIFORNIA 


$40 per year; half inch, $25 payable in advance. 


FRED J. MEEK 
Registered Mining Engineer Ky.-Ill. Ex- 
aminations — Leases — Options Ky.- 
Ill. Fluorspar-Zinc-Lead Field. 


69 Hilltop, E. St. Louis, tm. 


ARNOLD 8. 
Consulting 
Mine, Mill and Industri Investigations 
Cable: Tel. Cortlandt 7-0635 
120 eoaiear™ New York 5, N.Y. 


NEW WORLD EXPLORATION 
RESEARCH & DEVELOPMENT CORP. 
Foreign & Domestic Consultants 
Geology Geophysics 
Mine Management 
Contract Diamond Drilling 


Box 1206 Reno, Nevada 


RODGERS PEALE 
Consulting Mining Geologist 
315 Montgomery St. 
San Francisco 4, Calif. 


AMEDEE A. PEUGNET 
CONSULTING MINING ENGINEER 
Telephone Main 1431 
705 Chestnat St. St. Leuls 1, Mo. 


LUCIUS PITKIN, INC. 
Mineralogists 
Assayers Chemists -Spectroscopists 
Shippers’ Representatives 
NEW YORK 
Cable Address: Niktip 


MILNOR ROBERTS Consulting 
Mining Engineer 
The Pacific Northwest, 
British Columbia and Alaska 
4501 15th Ave., N.E. Seattle, Wash. 


PAUL F. SCHOLLA 
Consulting Mining Engineering 
Metal & Industrial Miaerel Mining 


Surface Plants, Foreign and Domestic — 
1025 Conn. Ave., N.W., Wash’n 6, 


CLOYD M. SMITH 
Mining Engineer 
Mine Examinations 
Ventilation Surveys 
Munsey Building Washington 4, D.C 


W. STRALEY 
x 68, Princeton, West 
1635 West Wesley Rd., NW, Adionte, Ga. 
CHerokee 6145 


H. 


WALKER & WHYTE, INC. 
Assayers, Chemists 
Shippers’ Representatives 
409 Pearl St. (Corner New Chambers) 
New York — U.S.A 


0. W. WALVOORD CO. 
Mill-Design and Construction 
401 High St. Denver 3, Colo. 


CLIFFORD R. WILFLEY 
Consulting Mining Engineer 
2233 Grape St. Denver 7, Colorade 


HARRY J. WOLF 
_ Mining and Consulting Engineer 


ti luations— Management 
wn Madison Ave., New York 17, N. ¥. 


Cable: MINEWOLF Tel.: Plaza 9-1700 


= 


Geophysic ists 
Drilling 
Management 


ALFORD, MORROW & ASSOCIATES 
CONSULTING ENGINEERS 
Coal Mining and Preparation 

Property Valuations 
Prospecting, Development, Mapping 
Oliver Building Pittsburgh 22, Pa. 


ALLEN & GARCIA COMPANY 


42 Years’ Service to the 
Coal and Salt Industries as Consultants, 
Constructing Engineers and Managers 


Authoritative Reports and Appraisals 
332 S. MICHIGAN AVE., CHICAGO 
120 WALL ST., NEW YORK CITY 


Metallurgical 
Reports 
Valuations 


Exploration 


E. J. LONGYEAR COMPANY 
Foshay Tower 


Consulting Mining Engineers 
and Geologists 


Mineral 


PIERCE MANAGEMENT, INC. 
MINING ENGINEERS 


A Background of 22 Years of Design, 
Consulting, and Management Service 
to Coal and Mineral Industries in 28 
States and 18 Foreign Countries. 
Scranton Electric Bidg. Scranton 3, Pa. 
Mine 1025 Connecticut Ave., N.W 
Valuation Washington 6, D. C. 


Minneapolis, Minn. 


R. S. MC CLINTOCK 
DIAMOND DRILL CO. 
Spokane, Wash. — Globe, Ariz. 
Diamond Core Drill Contractors 


Manufacturer of Diamond Bits and 
Drilling Accessories 


SENIOR, JUENGLING AND KNALL 
Engineers & Consultants 
Coal Preparation & Mineral Dressing 


2109 Seventh Ave., Seuth 
Birmingham, Ala. 


B. B. R. DRILLING CO. 
National Road West 
St. Clairsville, Ohio 
Diamond Core Drilling 
Contractors 


Mineral 
Cores Guaranteed 


Foundation 
Testing 


JOHN F. MEISSNER ENGINEERS, INC. 
Consulting Engineers 
Conveyor Systems 


Crushing Plants 


Materials Handling and 
Processing Plants 


308 W. Washington St. 


SPRAGUE & HENWOOD, Inc. 
SCRANTON 2, PA, 


i. Diamond Drill Contractors and 
Storage Methods f 

Ship Lon Desks Manufacturers 
Core borings for testing mineral 
deposits in any part of the world 
Chicage 6, Il. 


EAVENSON, AUCHMUTY & 
SUMMERS 


MINING ENGINEERS 
Mine Operation Consultants 
Coal Property Valuations 
2720 Koppers Bidg. Pittsburgh 19, Pa. 


DIAMOND CORE DRILLING 
CONTRACTORS 
Testing Mineral Deposits 
Foundation Borings 


MOTT CORE DRILLING CO. 
Huntington, W. Va. 


PAUL WEIR COMPANY 
Mining Engineers and Geologists 
Consultants and Managers 


20 North Wacker Drive 
Chicago 6, IIlinois 


T. W. GUY 


Consulting Engineer 
Coal Preparation 


To Yield Maximum Net Return 
Face and Product Studies 
Plant Design and Operation 


Kanawha V. Bidg. Charleston, W. Va. 


PENNSYLVANIA DRILLING 
COMP. 


PITTSBURGH 20, PA. 
DRILLING CONTRACTORS and 
MANUFACTURERS 

We prospect coal and mineral land 
anywhere in North and South America. 
‘ore borings for foundation testing; 
dams, bridges, buildings, etc. 


WEISS GEOPHYSICAL CORPORATION 


Mining geophysical surveys with aerial 

NY and ground magnetic, gravimetric, 
seismic and electrical methods; re- 

search and development. Experi 

crews for systematic work in any 

part of the world. 

149 Broadwa REctor 2-6204 

New York 6,N. ¥. Cable: “Geophysics” 


ABBOT A. HANKS, Inc. 
ASSAYERS-CHEMISTS 


Shippers Representatives 
624 Sacramento Street 
SAN FRANCISCO 


ROGER V. PIERCE 
Mining Engineer Specialist 
Underground Mining Methods, Cost 


Cutting Surveys—Production Analysis 
—Mine Mechanization—Mine Manage- 


ment. 


808 Newhouse Bidg. 
Salt Lake City 4, Uta! 


J. W. WooMeEr & ASSOCIATES 
Consulting Mining Engineers 
Modern Mining Systems and Designs 
Foreign and Domestic Mining Reports 
Union Trust Bidg., Pittsburgh, Pa. 


N W. Ve. 
Phone 33073 ational Bank Bidg., Wheeling, W. Va 


HOLMES & NARVER, INC 
Engineers — Constructors 


Design and Construction of Mining 
and Metallurgical Plants and 
Supplementary Facilities 
828 South Figueroa Street 
Trinity 8201 Les Angeles 17 


DIAMOND CORE DRILLING 
BY CONTRACT 

and world’s largest manufacturer 
Core and grout hole drilling in coal, 
metal, and non-metallic deposits, both 
surface and underground. 
JOY MANUFACTURING CO. 
Centract Core Drill Divisien 

Michigan City, Indiana 


The Original ; 
ALLEN GROU-TROL PROCESS 


ivision 


19th Fl, Kanawha Valley Bidg 


Charleston | 


General 


WORLD MINING CONSULTANTS, 
INC. 
Consulting Mining Engineers 
and Geologists 
220 Broadway, New York 38, N.Y. 
Worth 2.2934 


L. E. YOUNG 


Consulting Engineer 


Mine Mechanization — Mine 
Management 


West Virginia Oliver Building Pittsbergh, Pa. 
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Coming Events 


July 13-16, Golden Jubilee of the Idaho Min- 
ing Assn., Sun Valley, Idaho. 


Aug. 31-Sept. 2, Minerals Beneficiation Divi- 
sion, Hibbing, Minn. 


Sept. 8-13, Joint Meeting Industrial Minerals 
Division, AIME, Kelitic Lodge, Ingonish, 
Nova Scotia. 


Sept. 11, AIME, St. Louis Lead Belt Meeting, 
Tour of St. Joseph Mines and Mills, St. 
Louis 


Sept. 13-16, Electrochemical Chemical Society 
Inc., Ocean Terrace Hotel, Wrightsville 
Beach, N. C 


Sept. 21, ASME, Industrial Instruments and 
Regulators Div., and Instrument Society of 
America, exhibit and joint conference, 
Sherman Hotel, Chicago. 


Sept. 21-24, American Mining Congress Min- 
eral Mining Convention, Olympic Hotel, 
Seattle. 


Oct. 1-2, AIME, Regional Meeting, Pacific 
Petroleum Chapter, Ambassador Hotel, Los 
Angeles. 


Oct. 6, AIME, National Open Hearth Steel 
Committee, Buffalo Section, 


Oct. 7, AIME, National Open Hearth Steel 
Committee, Chicago Section, Phil Smidt's. 


Oct. 7-0, National Assn. of Consulting Engi- 
neers, south central region, Mayo Hotel, 
Tulsa, Okla. 


Oct. 8-9, Ninth National Conference on In- 
dustrial Hydraulics, Hotel Sheraton, Chi- 
cago 

Oct. 9, AIME, St. Louis Local Section, 
Louis University, St. Louis. 


Oct. 0, AIME, National Open Hearth Steel 
Committee, Eastern Section, Fall Meeting, 
Warwick Hotel, Philadelphia. 


Oct. 15-17, AIME, Second Annual Clay Min- 
erals Meeting, University of Missouri, Co- 
lumbia, Mo 


Oct. 15-17, AIME National Open Hearth Steel 


St 


Committee, Southwestern Section, Fall 
Meeting, Baker Hotel, Dallas. 
Oct, 18-21, AIME, Petroleum Branch Fall 


Meeting, Baker and Adolphus Hotels, Dal- 
las. 


Oct. 19-21, AIME, Institute of Metals Divi- 
sion, Fail Meeting, Hotel Allerton, Cleve- 
land 


Oct. 19-28, Forty-first National Safety Con- 
gress and Exposition, Sessions on industrial 
safety, Conrad Hilton, Congress, Morrison, 
and Hamilton Hotels, Chicago. 


Oct. 22, AIME, St. Louis Lecal Section, 
Engineers Club of St. Louis and ASCE, 
Engineers Club, St. Louis 


Oct. 27, Assn. of Consulting Chemists & 
Chemical Engineers, 25th Anniversary An- 


nual Meeting, Hotel Belmont Plaza, New 
York. 
Oct, 28-31, AIME, El Paso Meeting, in co- 


operation with International Mining Days, 
Hotel Paso Del Norte, El Paso. 


Oct. 20-30, AIME, ASME Fuels Conference, 
Conrad Hilton Hotel, Chicago 


Oct, 20-31, Annual Meeting of National Coun- 
cll of State Board of Engineering Examin- 
ers, Plaza Hotel, San Antonio. 


Oct. 30-31, AIME, National Open Hearth Steel 
Committee, Deshler-Wallick, Columbus. 


Nov. 6, AIME, National Open Hearth Steel 
Committee, Pittsburgh Section, William 
Penn Hotel, Pittsburgh. 


Nov. 13, AIME, St. Louis Section, Coal Mect- 
ing, York Hotel, St. Louis. 


Nov. 2%-Dec. 4, ASME, Annual Meeting, Stat- 
ler Hotel, New York. 


Dec. 2-4, Electric Furnace Steel Conference, 
Netherland Plaza Hotel, Cincinnati. 


Dec. 11, AIME, St. Louis Section, York Ho- 
tel, St. Louis. 


Dec. 15-16, American Institute of Chemical 
Engineers, Annual Meeting, Hotel Jefferson, 
St. Louis 


Dec. %8-29, Annual Chemical Engineering 


Symposium, University of Michigan, Ann 
Arbor. 
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on these 
big, tough 


Copper plant in the Southwest 


Two of the eight Hydroseal Sand Pumps 
(Frame B-C) which handle the ball-mill dis- 
charge at this major copper producer. Each 
pump can handle approximately 5500 tons of 
solids per day, the pulp containing 65% solids 
by weight. 


Mesabi iron-ore concentration plant 


Iron-ore tailings discharging at pressure of 231 feet. 
Pumped by G-Frame Hydroseal through 7700 feet 
of 18-inch pipe at the rate of 446,400 gallons of pulp 
per hour. Static lift overcome is 76 feet. 


coal-washing 
plant 


Three of the twelve Hydro- 
Seale (including stand-bys) 
Mat do the heavy work at 
this big installation in Con- 
cord, Alabama. Day in, day 
out, these pumps handle 
1000 tons of coal per hour 
with a minimum of power 
and maintenance. 


Hf it’s a problem of handling fluid-solid mixtures, 

you can’t go wrong if you consult your nearest Hydroseal 

engineer. Backed by hundreds of successful installations in all 

parts of the mining world, he is well fitted to help you design 

the best system for your plant. And because Hydroseals are 

manufactured in Sweden, South Africa and Australia, as well 
as the United States, you are assured of 
prompt and efficient service wherever 
you are. Write for our latest catalog. 


THE ALLEN-SHERMAN-HOFF PUMP CO. 


Dept. C —259 E. Lancaster Ave., Wynnewood, Pa. 
Representatives throughout the World 
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These Two M.S.A. Mine Communication Systems help you 


"TALK YOUR WAY” GREATER TONNAGE SAFELY 


THE M.S.A. 
MINEPHONE COMMUNICATION 


SYSTEM ...answers 
mechanization’s call for faster, 
safer HAULAGE OPERATIONS 


Sending dispatcher’s orders instantly and 
simultaneously to all motormen, who can Motorman reports his position at Motorman, ready to go into mine, 
reply or communicate with each other while cross-over. asks for right of way. 

trips are in motion, this modern underground 
communication system coordinates haulage 
movements with production demands .. . 
maintains smooth, continuous trip move- 
ments throughout the mine. 


Messages, transmitted on an “open line” 
hook-up, keep the track clear for outgoing 
loaded trips and incoming empties. Keep- 
ing every trip on the move means less wear 
and tear on equipment; time is saved; injury 
is avoided. 


Write today for complete details on this 
vital production aid. 


Trip unloader advises conditions at Typical compact MinePhone installa- 
his station. tion on top of locomotive. 


THE M.S.A. 
HOISTPHONE COMMUNICATION 
SYSTEM... gives hoisting 
operations a lift... for greater 
production — safety 


Hoist deck showing level indicator 
and M.S.A. HoistPhone. Voice con- 
trol eliminates misunderstandings 
often caused by bell or horn signals. 


Here's the voice communication system that 
assures accurate, instant response between 
the hoisting engineer and cage. Whatever 
the job—load leveling—shaft repairs— 
shaft inspection trips—passenger trans- 
portation—the M.S.A. HoistPhone pro- 
vides dependable, continuous voice com- 
munication at any level, and when cage is 
in motion. 


The HoistPhone can be heard above 


noises of running equipment—is free of 
transmission noise and outside interference. 


is Existing wiring, hoist cable and shaft frame HoistPhone permits posi- 
‘a can be utilized to carry the signal. It is tive control of the cage at ested ee EP 
; i ion. any point in the shaft -omplete cage assembly showing 
ay le = ee whether engaged in han. transmitting and sending loop, trans- 
y rite or etal s on cons 4 dling personnel, materials, mitter-receiver, power supply box, 
bility, and design details. repair or maintenance microphone with control switch and 
crews. speaker. 


MINE SAFETY APPLIANCES COMPANY 


Braddock, Thomas and Meade Streets, Pittsburgh 8, Pa. 
At Your Service 69 Branch Offices in the United States and Mexico 


MINE SAFETY APPLIANCES CO. OF CANADA, LIMITED 


Toronto, Montreal, Calgary, Winnipeg, Vancouver, New Glasgow, N.S, 


When you havea safety problem, M.S.A. is at your service. a 
™ Our job is to help you. Cable Address "MINSAF” Pittsburgh 
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SAFETY EQUIPMENT HEADQUARTERS 
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